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Description 

This invention relates to a picture signal pro- 
cessing system including a spatio-temporel filter 
for converting a high quality picture information 
signals between interlace and sequential scan- 
ning systems for removing injurious multi-dimen- 
sional higher range components caused by the 
scanning conversion. 

Such a system is disclosed in the IBA experi- 
mental and development report 112/81 by G. J. 
Tonga and entitled 'The Sampling of Television 
Images". In this document It is suggested that 
orthorhombic sampling may be employed for the 
spatio-temporal filter. Details of the construction 
of such a filter are however absent from the 
disclosure. 

The conversion of scanning systems is fre- 
quently utilized for transmitting a wideband tele- 
vision picture signal through a narrower band 
transmission line and reproducing it with a high 
picture quality. In the picture signal processing 
system of this kind, the scanning conversion from 
the sequential system to the interlace system Is 
usually effected for reducing a frequency band 
width required for transmitting a sequential scan- 
ning high quality picture signal accompanied with 
no deterioration of picture quality in the reproduc- 
tion thereof. However, the reproduced interlace 
scanning picture has various defects such as the 
noticeable line structure of alternate fields and the 
impaired natural motion of picture cause the 
serious deterioration of picture quality. Particu- 
larly, the reproduced line-interlace scanning 
picture has an essential defect that the vertical 
resolution thereof is reduced to about 70% of an 
expectancy based on the number of lines by the 
above mentioned tine structure. 

So that, regarding the high quality television, 
the interlace scanning picture signal, which has 
an advantage that the transmission band width 
can be reduced with the maintained flicker per- 
formance, is adopted principally into the trans- 
mission thereof. That is, the high quality sequen- 
tial scanning picture signal, which has a number 
per second of frames increased more than the 
standard thereof, is intermittently sampled and 
expanded along the time axis, so as to be con- 
verted into the interlace scanning picture signal 
which can be transmitted through the narrower 
band transmission line. 

In the above situation where the signal is 
sampled for the conversion of temporal fre- 
quency domain, unnecessary frequency com- 
ponents other than necessary frequency com- 
ponents generated by the conversion, including 
the sampling frequency component and har- 
monics thereof, are apt to be generated and 
intermixed with essential picture signal com- 
ponents, particularly, higher frequency range 
components. So that the expected high quality of 
the reproduced picture is seriously deteriorated 
as an essential problem. 

For removing the above unnecessary frequency 
components accompanying with the sampling of 



the picture signal, a conventional filter having a 
simple frequency response based on a simple 
one-dimensional constitution has been 
employed. However, particularly for removing 

5 those unnecessary frequency components from 
the high quality picture signal such as a high 
definition television signal, it is required to effect 
the multi-dimensional processing, for instance, 
two- or three-dimensional processing upon signal 

10 components appearing along horizontal and ver- 
tical frequency axes as well as along a temporel 
frequency axis of multi-dimensional coordinates 
in company with the above mentioned scanning 
conversion including the sampling. 

TS Moreover, the above mentioned multi-dimen- 

sional processing is required at the receiving end 
of the transmission line in which the converted 
interlace scanning picture signal is reconverted 
into the original sequential scanning picture 

20 signal to be displayed with the high definition, for 
removing unnecessary signal components 
generated in company with conversion. 

An object of the present invention is to provide 
a picture signal processing system including a 

25 spatio-temporal filter for converting a high quality 
picture information signal between interlace and 
sequential scanning systems through a spatio- 
temporal filter for removing injurious multi- 
dimensional higher range components generated 

30 along horizontal and vertical frequency axes and 
temporal frequency axis of multi-dimensional 
coordinates in company with the scanning con- 
version under the investigation of various signal 
components, which are generated on the basis of 

35 the conversion of the amount of information 
accompanying with the scanning conversion 
between the interlace and the sequential scan- 
ning systems by means of regarding those signal 
components as the spectrum distribution on the 

40 above multi-dimensional coordinates. 

Another object of the present invention is to 
provide a picture signal processing system 
including a spatio-temporal filter wherein a 
picture signal is processed by using a spatio- 

45 temporal filter for removing unnecessary higher 
range signal components in response to an 
arrangement of picture signal spectrum on multi- 
dimensional coordinates including at least verti- 
cal frequency and temporal frequency axes. 

50 Still another object of the present invention is to 
provide a picture signal processing system 
including a spatio-temporal filter wherein a 
picture signal quality is further improved. 
A still further object of the present invention is 

55 to provide a picture signal processing system 
including a spatio-temporal filter wherein a 
required performance of a spatio-temporal filter 
employed for processing a picture signal can be 
maintained against the application of the picture 

60 signal containing various noise and spurious 
components. 

According to the present invention, there is 
provided a picture signal processing system, in 
which a sequential scanning wideband picture 
65 signal is converted into an interiace scanning 
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narrowband picture signal and reconverted into 
substantially its original state after transmission 
through a narrowband transmission line, com- 
prising at a sending end: 

a picture signal generating means for generat- 5 
ing said sequential scanning wideband picture 
signalr 

a multi-dime nsionai spatio-temporal pre-filter- 
ing means for filtering aliasing signal com- 
ponents caused tn said picture signal by sampling io 
required for scanning conversion to provide a 
filtered picture signal, 

a subsampiing means for sampling said filtered 
picture signal, so as to convert said sequential 
scanning wideband picture signal into an inter- js 
lace scanning wideband picture signal, 

a time axis converting means for expanding the 
time axis of said interlace scanning wideband 
picture signal, so as to convert said interlace 
scanning wideband picture signal into said inter- 20 
lace scanning narrowband picture signal, and 

a modulating means for modulating a carrier 
signal by said interlace scanning narrowband 
picture signal; and comprising at a receiving end: 

a demodulating means for demodulating the 25 
modulated carrier signal, so as to restore said 
interlace scanning narrowband picture signal, 

a time axis reconverting means for compres- 
sing the time axis of said restored interlace 
scanning narrowband picture signal, so as to 30 
convert said restored interlace scanning 
narrowband picture signal into an intermittent 
quasi-wideband picture signal, 

a multidimensional spatio-temporal interpola- 
tion filtering means for filtering aliasing signal 35 
components in said picture signal caused by 
resampling required for scanning reconversion 
and for interpolating said intermittent quasi-wide- 
band picture signal so as to substantially restore 
said sequential scanning wideband picture signal, 40 
and 

a display means for displaying the substantially 
restored sequential scanning wideband picture 
signal, 

wherein both of said spatio-temporal prefilter- 45 
ing rneans and said spatio-temporal interpolation 
filtering means have a passing region sub- 
stantially restricted to a lower frequency region 
on at least a coordinate plane extending along a 
vertical spatial frequency axis and a temporal so 
frequency axis of multidimensional coordinates 
consisting of a horizontal spatial frequency axis, a 
vertical spatial frequency axis and a temporal 
frequency axis, provided for defining said picture 
signal, which lower frequency region includes an 55 
origin of said multidimensional coordinates and 
is separated from a higher frequency region, in 
which said aliasing signal components appear, by 
a symmetrical line intercrossing both the vertical 
spatial frequency axis and the temporal frequency 60 
axis and equally distant from both said origin and 
an imaginary origin corresponding to a sampling 
frequency employed for the sampling of said 
picture signal, 

wherein said spatio-temporal prefiltering 65 



means is constructed to have a transfer function 
in a comparatively higher frequency region which 
is larger than that in a comparatively lower 
frequency region so as to increase a signal com- 
ponent existing in said comparatively higher fre- 
quency region, and 

wherein said picture signal processing system 
further comprises means for detecting picture 
motion of said picture signal to be converted at 
least from an interframe difference picture signal 
component of said picture signal and means for 
adaptively controlling said passing region of the 
spatio-temporal prefiltering means in response to 
the extent of the detected picture motion, so as to 
substantially continuously Increase an equivalent 
ratio of said passing region between the temporal 
frequency axis and the vertical spatial frequency 
axis in response to an increase of said extent of 
the detected picture motion. 

For the better understanding of the invention, 
reference is made to the accompanying drawings, 
which illustrate preferred embodiments of the 
invention, and in which: 

Fig. 1 is a block diagram showing a basic 
configuration of a picture signal processing 
apparatus according to the present invention; 

Fig. 2 is a diagram showing the principle of 
operation of the picture signal processing accord- 
ing to the present invention; 

Fig. 3 is a diagram showing examples of signal 
waveforms at various portions of the configura- 
tion as shown in Fig. 1 ; 

Fig. 4 is a diagram showing examples of signals 
arranged at various portions of the configuration 
as shown in Fig. 1; 

Rg. 5 is a block diagram showing an example of 
a detailed configuration of a time axis converting 
circuit consisting in the basic configuration as 
shown in Fig. 1; 

Fig. 6 is a diagram showing an example of 
three-dimensional arrangement of a picture 
signal to be processed according to the present 
invention; 

Fig. 7 is a diagram showing an example of a 
frequency component distribution of the same as 
shown in Fig. 6; 

Fig. 8 is a diagram showing an example of a 
passing region required for a three-dimensional 
low-pass filter consisting in the basic configura- 
tion as shown in Fig. 1; 

Figs. 9(a) and (b) are a diagram and a block 
diagram showing examples of a practical passing 
region and a configuration of the same filter 
respectively; 

Figs. 10(a} and (b) are a diagram and a block 
diagram showing other examples of the same 
respectively; 

Fig. 11 is a block diagram showing an example 
of a practical detailed configuration of the same 
filter; 

Fig. 12 is a diagram showing another example 
of the same; 

Fig. 13 is a diagram showing still another 
example of the same; 

Rg. 14 is a diagram showing an example of a 
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two-dimensional arrangement of a picture signal 
to be processed according to the present inven- 
tion; 

Rg. 15 is a diagram showing an example of a 
frequency component distribution on three- 
dimensional coordinates of the same; 

Rgs. 16(a), (b) and (c) are a diagram and biock 
diagrams showing other examples of the required 
passing region and the configurations of the three- 
dimensional filter respectively; 

Fig. 1 7 is a blocic diagram showing an example of 
a receiving configuration of the picture signal 
processing apparatus according to the present 
invention; 

Fig. 18 is a diagram showing an example of an 
operation of the picture signal processing in the 
same receiving configuration; 

Figs. 19(a) and (b) are a block diagram and a 
diagram showing other examples of the same 
receiving configuration and the same operation of 
the same respectively; 

Figs. 20(a) and (b) are biock diagrams showing 
examples of a picture signal encoding apparatus 
and the same applied with the picture signal 
processing according to the present invention 
respectively; 

Fig. 21 is a block diagram showing an example of 
a configuration of a conventional picture contour 
compensating circuit applied with the picture 
signal processing according to the present inven- 
tion; 

Fig. 22 is a diagram showing an example of a 
compensating characteristic curve of a conven- 
tional picture contour compensating circuit; 

Rg. 23 is a block diag ram showing an example of 
a configuration of a picture contour compensating 
circuit according to the present invention, which is 
applied with the picture signal processing accord- 
ing to the present invention; 

Fig. 24 is a diagram showing a principle of 
operation of the same; 

Figs. 25(a), (b) and (c) are diagrams showing 
examples of a passing region required for a three- 
dimensional filter used for the same picture con- 
tour compensating circuit and a boosted charac- 
teristic curve of the same filter respectively; 

Fig, 26 is a diagram showing an example of a 
practical passing region of the same filter; 

Rg, 27 is a block diagram showing an example of 
a detailed configuration of the same filter; 

Fig. 28 is a diagram showing another example of 
the boosted characteristic curve of the same filter; 

Rg. 29 is a diagram showing still another 
example of the same characteristic curve; 

Rg. 30 is a diagram showing another example of 
the practical passing region of the same filter; 

Fig. 31 is a diagram showing a typical perform- 
ance required for a spatio-temporal interpolating 
filter; 

Fig. 32 is a block diagram showing an example of 
a conventional spatio-temporal filter; 

Rgs. 33(a), (b) and (c) are diagrams showing an 
example of a state of an occurrence of a picture 
contour ambiguity caused by the same in order; 

Rg. 34 is a block diagram showing a basic 



configuration of an adaptive spatio-temporal filter 
according to the present invention; 

Rg. 35 is a block diagram showing a basic 
configuration of a filter control circuit consisting in 
5 the same; 

Figs. 36(a) to (c) are diagrams showing 
examples of a state of variation of a filter perform- 
ance of the same in order; 

Figs. 37(a) to (e) are block diagrams and dia- 
TO grams showing examples of a detailed configura- 
tion, a state of forming of a filter control signal, a 
construction of processing circuit and signal 
waveforms of various portions of the same respec- 
tively; 

fs Figs. 38(a) and (b) are diagrams showing 

examples of an arrangement of a picture signal 
detecting point on which theforming of a perform- 
ance control signal of the same is based respec- 
tively; 

20 Fig, 39 is a block diagram showing an example of 
a detailed configuration of a vertical spatial fre- 
quency high-pass filter consisting in the same; 

Fig. 40 Is a block diagram showing an example of 
a detailed configuration of a vertical spatial'fre- 

2S quency low-pass filter consisting in the same; 

Rg.41 is a block diag ram showing an exam pie of 
a detailed configuration of horizontal and vertical 
correlation component detecting circuit consisting 
in the same; 

30 Fig. 42 is a diagram showing an example 6i an 
input to output characteristic curve of a decision 
control circuit consisting in the same; 

Fig. 43 is a block diagram showing a configura- 
tion of a conventional adaptive spatio-temporal 

35 interpolation filter; 

Fig. 44 is a block diagram showing an example of 
a configuration of a principal part of an adaptive 
spatio-temporal interpolation filter according to 
the present invention; 

40 Rg. 45 is a diagram showing an example of a 
state of generation of a spurious interframe differ- 
ence signal component in a horizontal direction 
contour portion of a picture signal; 

Figs. 46(a) and (b) are diagrams showing 

45 examples of a state of occurrence of a dual image 
disturbance caused by the generation of the 
spurious interframe difference signal component 
in order; 

Rg. 47 is a block diagram showing an example of 
SO a detailed configuration of a two-dimensional 
space higher region detecting circuit consisting in 
the configuration as shown in Fig. 44; 

Rg. 48 is a diagram showing an example of an 
impulse response of a low-pass filter consisting In 
55 the configuration as shown in Fig. 47; 

Rgs. 49(a) to (e) are diagrams showing 
examples of an operation and an effect of the same 
as shown in Fig. 48 in order; 
Rg. 50 is a diagram showing an example of an 
60 Input to output characteristic curve of a coring 
circuit consisting in the configuration as shown in 
Rg. 44; 

Fig. 51 is a diagram showing an example of a 
coring level control characteristic curve of the 
65 same; 



7 



EP 0 082 489 B1 



8 



Ftg. 52 is a block diagram showing an example of 
a detailed configuration of a noise separation 
circuit consisting in the configuration as shown in 
Fig. 44; and 

Fig. 53 is a diagram showing an example of an 
input to output characteristic curve of a decision 
control circuit consisting in the configuration as 
shown in Fig. 44. 

Firstly, an example of a circuit configuration for 
converting a high quality picture signal between 
interlace and sequential scanning systems in the 
situation where a sequential scanning wideband 
picture signal is transmitted through a narrower 
band transmission line in a form of a converted 
interlace scanning picture signal according to the 
present invention is shown in Fig, 1. In this 
configuration, multi-dimensional spatio-temporal 
filters 2 and 7b as mentioned earlier are provided 
at a sending and a receiving end respectively. 
Particularly, the multi-dimensional spatio-tem- 
poral filter 2 is provided for preventing a sampling 
frequency component and harmonics thereof, 
which are generated by the sampling required for 
the scanning conversion, to intermix with original 
picture signal spectra as so-called aliasing signal 
components regarding a sampling frequency 
point effecting as an imaginary origin. That is to 
say in detail, a wideband picture signal having 525 
lines and 60 frames per second, which is a high 
quality television camera 1 of line sequential 
scanning system, generally has a spectrum dis- 
tribution on three-dimensional coordinates con- 
sisting of horizontal and vertical frequency axes 
and a temporal frequency axis as shown in Fig. 2. 
For instance, on a coordinate plane * extended 
along the vertical frequency and the temporal 
frequency axes, a statistical signal spectrum dis- 
tribution of a camera target proper which is 
spreaded within a region centered by an origin, as 
shown by a surrounding dotted line, in response to 
a variation in the vertical direction of a motion of 
the picture and other signal spectrum distributions 
which are respectively spreaded within other 
regions being similar to the above region centered 
by the origin, which are respectively centered by a 
point (fvo, O) situated on the vertical frequency axis 
fv in response to a vertical scanning frequency fvo 
regarding the scanning of a camera shooting the 
above target, points (O, fp) and {i^, fp) situated on 
the temporal frequency axis in response to a 
number fp of frames per second and a coordinate 
point (fvo, fp), compose spatial spectrum com- 
ponents nearly surrounding the origin. In this 
connection, the frequency points fvo and fp situated 
respectively on the vertical frequency and the 
temporal frequency axes are situated at equal 
distances from the origin according to the normali- 
zation as shown in Rg. 2. 

In a situation where a wideband picture signal as 
shown by a waveform {a} in Fig. 3, which presents 
a spatial spectrum distribution as mentioned 
above, is not applied through the multi-dimen- 
sional spatio-temporal filter 2 as shown in Fig. 1, 
but directly to the subsampling circuit 3 and the 
time axis converting circuit 4, so as to be converted 



to a conventional narrow band picture signal (c),as 
shown in Fig. 3, of interiace scanning system 
defined, for instance, by 525 lines, 60 fields and 30 
frames, which is formed through a signal pro- 

5 ceasing in the subsampling circuit 3 for two fold 
expanding a time axis of an intermittent picture 
signal (b), as shown in Fig. 3, consisting of either 
odd lines or even lines of the wideband picture 
signal (a), a spatial spectrum distribution of the 

w intermittent picture signal (b) derived from the 
subsampling circuit 3 becomes as follows. That is, 
in this spatial spectrum distribution, in addition to 
the signal spectrum distribution within the region 
as mentioned above by referring to Fig. 2, a new 

75 signal spectrum is distributed within a new region, 
which is spreaded, as shown by a solid line in Rg. 
2, similarly as the original regions as shown by 
dotted lines, and centered by a new coordinate 
point (fvo/2, fjJ2) which is situated in response to a 

20 new vertical scanning frequency fyJ2 and a new 
number fp/2 of frames per second, based on the 
above mentioned signal processing for forming 
the Intermittent picture signal (b). Moreover, as 
shown in Fig. 2, the original regions surrounded by 

25 dotted lines and the new region surrounded by the 
solid line are respectively overi a pped to each other 
as shown by shading in Fig. 2. Among those 
overiapped portions between those signal spec- 
trum regions, the overiapped portion relating to 

30 the original region centered by the origin inter- 
mixes with the so-called aliasing component 
regarding the new coordinate point (fvo/2, fp/2) 
effecting as the imaginary origin Os with the 
necessary picture signal spectrum proper and, as a 

35 result, the reproduced picture quality is seriously 
deteriorated by the aliasing signal distortion. 

In the scanning conversion of the high quality 
picture signal according to the present invention 
based on the mentioned above, the aliasing signal 

40 distortion caused by the sampling of the picture 
signal can be prevented to appear at least on the 
two-dimensional coordinate plane stretched along 
the vertical frequency and the temporal frequency 
axes by employing the multidimensional spatio- 

45 temporal filter, so as to maintain the sufficiently 
high quality of the reproduced picture signal. 
Since the above mentioned aliasing signal com- 
ponents generated by the sampling is spreaded 
around the imaginary origin Os and, as a result 

50 invades the proper picture signal spectrum region, 
the necessary picture signal spectrum region 
centered by the proper origin O and the 
unnecessary aliasing signal spectrum region 
centered by the imaginary origin Og should be 

55 symmetrically separated by a straight line situated 
on the coordinate plane equally apart from both of 
the proper and the imaginary origins O and 
through the point {fvo/2, O) on the vertical fre- 
quency axis and the point (O, fp/2) on the temporal 

60 frequency axis, and, as a result, the necessary 
picture signal spectrum region should be 
restricted to the side Including the proper origin O 
regarding the above straight line. 
According to the present invention, the above 

65 mentioned signal processing forformlng the inter- 
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mittent picture signal (b) is effected within the 
proper picture signal spectrum region restricted 
as mentioned above by employing the multi- 
dimensional, for instance, two-dimensional or 
three-dimensional spatio-temporal low-pass fil- 
ter, which is composed as described later accord- 
ing to the present invention. 

Consequently, according to the present inven- 
tion, although the above mentioned restriction of 
the necessary picture spectrum region causes a 
little reduction of the higher region signal com- 
ponent, the resultant reproduced picture quality is 
distinctly excellent more than that of a conven- 
tional picture quality transmitted and reproduced 
as the intermixed aliasing signal component is 
left as it is, and, as a result, the expectant high 
quality of the reproduced picture signal can be 
realized. 

According to the mentioned above, in the 
picture signal processing apparatus of the present 
invention which is arranged as shown in Fig. 1, 
the line-sequential scanning wideband picture 
signal (a) derived from the television camera 1 is 
applied to the multi-dimensional spatio-temporal 
low-pass filter 2, so as to remove signal com- 
ponents appearing within the shaded region on 
the outside of the above mentioned straight line 
passing through the points (fyo/2, O) and (O, ff/2) 
on the coordinate plane as shown in Fig. 2 from 
the necessary picture signal components appear- 
ing within the proper region centered by the 
origin O. Those necessary picture signal com- 
ponents derived from the filter 2 are converted 
into the conventional narrow band picture signal 
of interlace scanning system through the 
aforesaid process of intermittent extraction of 
scanning lines and expansion of time axis in the 
subsampling circuit 3 and the time-axis convert- 
ing circuit 4. The narrow band picture signal 
derived from those circuits 3 and 4 in the state 
that the required transmission frequency band is 
reduced is applied to the transmission line 
through the modulator 5. At the receiving end of 
the transmission line, the received narrow band 
picture signal of interlace scanning system is 
applied to the time-axis converting circuit 7a 
through the demodulator 6, so as to be recon- 
verted into a quasi wideband picture signal 
formed by restoring the original wideband picture 
signal of line sequential scanning system. The 
quasi wideband picture signal derived from the 
converting circuit 7a is applied to the display 
equipment 8 through the other multi-dimensional 
spatio-temporal filter 7b, so as to display the 
reproduced high quality picture signal. In this 
connection, the proper signal spectrum region of 
the received narrow band picture signal is 
restricted by the spatio-temporal filter 2 provided 
at the sending end as mentioned above, and, as a 
result. Is prevented from the intermixture of the 
aforesaid aliasing distortional components. How- 
ever, in the situation where unnecessary signal 
components generated by the scanning line inter- 
mittent extraction effected in the subsampling 
circuit 3 and the time-axis conversion effected in 



the converting circuit 4 remain in the region 
situated on the outside of the aforesaid straight 
line and close thereto on the above mentioned 
coordinate plane regarding the received narrow 

5 band picture signal, those unnecessary signal 
components are displayed as noises on the dis- 
play equipment 8 which has a wideband perform- 
ance prepared for displaying the high quality 
picture signal with a result of lowered quality of 

w the displayed picture. 

In the picture signal processing apparatus as 
shown in Fig. 1 according to the present inven- 
tion, for preventing the above-mentioned unde- 
sired result, the reproduced quasi high quality 

fs picture signal is applied to the display equipment 
8 through the multi-dimensional spatio-temporal 
low-pass filter 7b being similar to the spatio- 
temporal filter 2 provided at the sending end, so 
as to remove the above mentioned unnecessary 

20 signal components therefrom. 

Nextly, the picture signal processing through 
the multi-dimensional low-pass filter according to 
the present invention will be explained by refer- 
ring to Rgs. 3 and 4 hereinafter. 

25 In the situation where the line-sequential scan- 
ning wideband picture signal derived from the 
television camera 1 of 525 lines, 60 frames per 
second system has the signal waveform (a) as 
shown in Fig. 3, when it consists of a still picture 

30 signal having no picture motion, the picture fre- 
quency spectrum is distributed, as is apparent 
from the waveform (a) in Fig. 4, such as spectra 
along the horizontal frequency axis are arranged 
at frequency points corresponding respectively to 

35 multiples of the horizontal scanning frequency 2fH 
and spectra along the vertical frequency axis are 
arranged at frequency points corresponding 
respectively to multiples of the vertical scanning 
frequency fy, groups of which vertical frequency 

40 points are centered respectively by the above 
horizontal frequency points. An enlarged part of 
this horizontal and vertical frequency spectrum 
distribution is shown by the waveform (b) in Fig. 
4. 

45 The horizontal scanning frequency of the above 
exemplified wideband picture signal (a) is twice of 
the conventional horizontal scanning frequency 
frt, that is, 2fH. On both sides of a certain horizontal 
frequency axis spectrum 2nfH (n=l, 2, ...), side 

50 band components thereof consisting of the group 
of the vertical frequency axis spectra is arranged 
at frequency interval of the frame frequency fv=60 
Hz. 

The wideband picture signal (a) having the 
55 above mentioned signal spectrum distribution is 
applied to ohe two-dimensional or the three- 
dimensional spatio-temporal filter 2, which 
removes the higher region component on the 
outside of the straight line extended through the 
60 frequency points {iyJ2, O) and (O, f^2) from the 
proper signal spectrum region as mentioned 
above. As a result, regarding the group of vertical 
frequency axis components which is centered by 
a certain horizontal frequency axis component 
€5 Infn, a part of higher frequency components is 
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removed therefrom, as shown by the waveform 
(c) in Fig. 4, so that the spatio-temporal filter 2 
presents a comb filter performance, a pass band 
of which is centered by the horizontal frequency 
axis component 2nfH- 

The wideband picture signal (a) derived from 
the spatio-temporal filter 2 having the above 
mentioned comb filter performance is applied to 
the subsampling circuit 3, so as to be applied with 
the so-called subsampling, namely, the thinning 
for extracting every other one line components of 
the picture signal, as shown by the waveform (b) 
in Fig. 3. As a result, although the whole fre- 
quency band is substantially unchanged, the hori- 
zontal scanning frequency thereof is reduced to a 
half of the original frequency. The wide-band 
picture signal derived from the subsampling cir- 
cuit 3 is applied to the time axis converting circuit 
4, so as to expand the time axis thereof to two 
fold. As a result, the whole frequency band 
thereof is reduced to a half corresponding to the 
conventional interlace scanning narrow band 
picture signal of standard system consisting of 
525 lines, 60 fields and 30 frames per second. 

Consequently, in this situation where the fre- 
quency is reduced to half with respect to the 
horizontal frequency axis component 2nfH of the 
wideband picture signal spectrum as shown by 
the waveform (b) in Fig. 4, as well as the whole 
frequency band is reduced to half, the resultant 
narrow band picture signal spectrum consists of, 
as shown by the waveform (d) in Fig. 4, horizontal 
frequency axis components arranged at fre- 
quency intervals fH corresponding to the conven- 
tional horizontal scanning frequency and vertical 
frequency axis components arranged symmetri- 
cally on both sides of each horizontal frequency 
axis component at frequency intervals 60 Hz 
corresponding to the conventional field fre- 
quency. So that, when the wideband picture 
signal having the above mentioned waveform (b) 
as shown in Fig. 4 is straightforwardly processed 
by the subsampling and the time-axis conversion, 
as is apparent from the waveform (d) in Fig. 4, two 
groups of vertical frequency axis components, 
which are centered respectively by horizontal 
frequency axis components 2nfH and (2n+1)fH, 
are altemately intermixed with each other. As a 
result, for instance, vertical frequency axis com- 
ponents of 30 Hz are newly arranged between 
horizontal frequency axis components 2nfH and 
(2n+1)fH# as shown by the waveform (d) in Fig. 4, 
so that the resultant distortion corresponding to 
the sampling aliasing distortion as mentioned 
eariier by referring to Rg. 2 causes the deterior- 
ation of the picture quality. 

However, in the situation where spectrum com- 
ponents arranged at a central portion between 
adjacent horizontal frequency axis components 
2nfH and (2n+.1)fH In the wideband picture signal 
as shown by the waveform (b) in Rg. 4 are 
previously removed through the spatio-temporal 
filter 2 having a comb filter performance regard- 
ing either one of those two horizontal frequency 
axis components as shown by the waveform (d) 



in Fig. 4, the above mentioned distortion based on 
those intermixed vertical frequency axis com- 
ponents is not generated at all. In other words, 
vertical frequency axis components in the spec- 

5 trum distribution as shown by the waveform (b) in 
Fig. 4 are restricted to lower than i^Jl by the 
spatio-temporal filter 2, so that the converted 
Interiace scanning narrow band picture signal is 
equivalently prevented from the aforesaid sam- 

10 pling aliasing distortion and, as a result, the high 
quality picture signal can be reproduced. 

In this connection, in the situation where the 
wideband picture signal (a) is a motional picture 
signal, although it is described above as the still 

IS picture signal, the position of target in the picture 
is varied respectively in successive frames. So 
that, the time interval at which the same point of 
the target appears successively in successive 
fields becomes different from the vertical scan- 

20 ning interval, and, as a result, frequency positions 
of the vertical frequency axis components 
arranged at intervals 60 Hz in the waveform {b) in 
Fig. 4 are mutually shifted. 
When the motion of the target becomes larger, 

25 the shift of the above frequency positions are 
enlarged, so that disturbing frequency com- 
ponents having frequencies different from the 30 
Hz as shown in Fig. 4 are generated by the 
intermixing between adjacent groups of largely 

30 shifted vertical frequency axis components as 
mentioned above, and, as a result, the correlation 
between adjacent fields of the converted interiace 
scanning narrow band picture signal is exten- 
sively reduced, so that the quality of the repro- 

3S duced motional picture signal is seriously 
deteriorated by the occurrence of flicker, the lost 
natural motion of target and the tike. 

However, in the situation where the wideband 
picture signal (a) In which the distribution of the 

40 vertical spatial frequency component is widened 
as mentioned above is processed through the 
spatio-temporal filter 2 having the comb filter 
performance as shown by the waveform (c) in Fig. 
4, the above mentioned disturbing frequency 

45 components based on the shifted vertical spatial 
frequency components are removed equivalently 
by restricting the temporal frequency com- 
ponents appearing on the three-dimensional 
coordinates as shown in Fig. 2 to lower than i^Z, 

so so that the wideband motional picture signal can 
be effectively prevented from the usual deterior- 
ation of picture quality. Consequently, the func- 
tional effect of the filter having the duplicated 
comb filter performance as shown by the 

65 waveform (c) in Fig. 4 corresponds to that of the 
spatio-temporal filter having the proper picture 
signal spectrum region restricted by the straight 
line passing through the frequency points {%J2, 
O) and {O, i^2) as shown in Fig. 2. 

60 In the above explanation of the picture signal 
processing according to the present invention, 
similarly as the sequential scanning wideband 
picture signal of 525 lines and 60 frames per 
second system is converted into the interlace 

65 scanning narrow band picture signal of 525 lines. 
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60 fields and 30 frames per second system, the 
sequential scanning picture signal is converted to 
the 2:1 interlace scanning picture signal by 
extracting every other lines of the original picture 
signal. 

Similarly as mentioned above, when the 
sequential picture signal is converted to a 3:1, 5:1 
and so on interlace scanning picture signal, the 
similar picture signal processing can be effected 
by extracting every third, every fifth and so on 
lines of the original picture signal. 

In addition, when the sequential scanning 
picture signal is converted to a dot-interlace 
scanning picture signal, the similar picture signal 
processing can be effected by extracting, for 
instance, every other or every third samples of the 
original picture signal sampled at a sampling 
frequency being higher for instance, hundreds 
times of the horizontal scanning frequency. In 
these additional situations, the three-dimensional 
spatio-temporal filter based on the three-dimen- 
sional coordinates including the horizontal fre- 
quency axis can be employed similariy as men- 
tioned above. , 

Nextly, an example of detailed configuration of 
the time-axis converting circuit 4 consisting in the 
basic configuration, as shown in Fig. 2, of the 
picture signal processing apparatus according to 
the present invention is shown in Fig. 5. In this 
exemplified time-axis converting circuit, the inter- 
mittently extracted wideband picture signal as 
shown by the wavefonm (b) in Fig. 3 is applied to 
an input terminal 9, whilst a sampling clock signal 
employed for digitizing the picture signal is 
applied to another input terminal 21. The intermit- 
tent picture signal (b) derived from the input 
terminal 9 is applied, through a low-pass filter for 
removing unnecessary frequency components, to 
an analog-digital converter 11 derived by the 
clock signal applied from the input terminal 21, so 
as to be converted to an intermittent digital 
picture signal. This intermittent digital picture 
signal derived from the A— D converter 11 Is 
alternately applied through a change-over switch 
12 to one-line delays 13 and 14 having one-line 
memory capacity respectively, so as to be alter- 
nately written thereinto under the control of the 
clock signal applied thereto through a change- 
over switch 19. Those one-line delays 13 and 14 
are alternately applied through a change-over 
switch 20 also with a low speed clock signal 
having a one-half clock frequency, which is 
derived from a i frequency divider 20 applied vyith 
the original clock signal from the input terminal 
21, so as to altemately read-out therefrom one- 
line picture signals alternately written in as men- 
tioned above under the expansion of time axis. 

Those alternately read-out one-line picture 
signals, which are converted into a narrow band 
digital picture signal as shown by the waveform 
(c) in Fig. 3 under the processing through a 
change-over switch 15, are applied to a digital- 
analog converter 16. A narrow band analog 
picture signal derived from the D-A converter 16 
is applied to an output terminal 18 as a resultant 



time axis converted picture signal through 
another low-pass filter 17 for removing 
unnecessary frequency components also. In this 
connection, all of the change-over switches 12, 

5 15, 19 and 20 are actuated in connection with each 
other, and, as a result, while a one-line picture 
signal is written into either one of those one-line 
delays 13 and 14 under the control of the original 
high-speed clock signal, an immediately preced- 

ro ing one-line picture signal is read out from the 
other one of those one-line delays 13 and 14 
under the control of the divided low-speed clock 
signal. 

Additionally speaking, in the configuration of 
IS the time-axis converting circuit as shown in Fig. 5, 
when the wideband picture signal applied to the 
input terminal 9 is already digitized, the analog- 
digital converter 1 1 can be omitted, and further, in 
the situation where the signal processing in the 
20 succeeding stage is effected in the digital form, 
the digital-analog converter 16 can be omitted 
also. 

The resultant picture signal as shown by the 
waveform (c) in Fig. 3, which is derived from,the 
26 time-axis converting circuit 4 simply applied with 
the subsampled picture signal, has a signal form 
being similar as an interlace scanning picture 
signal derived from a conventional television 
camera. 

30 In the picture signal processing system accord- 
ing to the present invention, which is different 
from the above mentioned, the generation of the 
so-called aliasing distortion component is . pre- 
vented by applying the three-dimensional spatio- 

3S temporal filtering to the wideband picture signal 
by the spatio-temporal filter 2 prior to the above 
mentioned signal processing. 

Nextly, the three-dimensional spatio-temporal 
filter representing the above mentioned feature of 

40 the picture signal processing system according to 
the present invention, particularly, a filter per- 
formance and a concrete configuration for realiz- 
ing this performance will be described herein- 
after. 

45 Firstly, for defining the three-dimensional filter 
performance, the analysis thereof will be effected 
under the approximation that a picture signal, 
particularly, a television signal, has been sampled 
with respect to the space in two dimensions of 

50 horizontal and vertical directions by horizontal 
and vertical scannings respectively as well as 
sampled with respect to the temporal direction. 
The sampling frequency for the spatial two- 
dimension sampling consists of the horizontal 

55 and the vertical scanning frequencies. For 
instance, in the sequential scanning system, the 
vertical direction sampling frequency fyo corre- 
sponds to the frame frequency, namely, a recipro- 
cal of the line number lln, that is to say, fvo=1/l-n- 

60 On the other hand, the horizontal direction sam- 
pling frequency fuo is based on the horizontal 
direction sampling of the picture signal for con- 
verting an analog picture signal to a digital picture 
signal, so that it is presented in a form of spatial 

65 frequency by the multiplication product between 
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the quotient of the sampling frequency divided by 
the horizontal scanning frequency and the aspect 
ratio, for instance, 3:4, that is, 3/4 for the standard 
television system. For Instance, when the sam- 
pling frequency for the analog-digital conversion 
is denoted by fg, this product fuo becomes 

fs 

fuo^ Xi 

fH 

Furthermore, the sampling frequency fto in the 
temporal frequency axis direction corresponds to 
the number Fn of frames per second, because the 
temporal variation based on the motion of the 
picture appears per unit time. 

In the situation where each sampling frequen- 
cies regarding each axis of the three-dimensional 
coordinates for defining the three-dimensional 
filter performance are defined as mentioned 
above, the signal spectrum distribution presented 
by the picture signal of sequential scanning 
system In the spatio-temporal frequency region of 
the three-dimensional coordinates can be defined 
according to the discrete Fourier conversion, that 
is, the so-called DFT method. On the other hand, 
regarding the picture signal of interlace scanning 
system, which system can be regarded as the 
sampling of a kind different from that in the 
sequential scanning system, the signal spectrum 
distribution can be defined also according to the 
DFT method. 

In addition, under the condition that sampling 
frequencies in each axis directions of the three- 
dimensional coordinates, for instance, regarding 
the 2:1 interlace scanning system are defined, for 
instance, by halving those regarding the sequen- 
tial scanning system, the signal spectrum dis- 
tribution of the picture signal in the three-dimen- 
sional coordinates can be defined according to 
the same operation method. 

Moreover, it is possible on the basis of these 
sampling frequencies as mentioned above to 
predict what kind of aliasing distortion com- 
ponent may be generated, and further it is poss- 
ible also on the basis of this prediction to clarify a 
picture signal spectrum distribution required for 
preventing the intermixing therewith of the alias- 
ing distortion component. 

The sampling frequencies on the horizontal and 
the vertical spatial frequency axes and the tem- 
poral frequency axis of the three dimensional 
coordinates regarding the line-sequential scan- 
ning picture signal are defined respectively by the 
frequency points f^o, fvo and f^ and the harmonics 
points thereof 2%^,, 2f„o and 2f^ in combination 
with each other as shown by black spots in Fig. 7. 

In this connection, as mentioned earlier by 
referring to Rg. 2, it is usual that the sampling of 
the picture signal is not effected along the hori- 
zontal spatial frequency axis, and further any 
variation does not appear along this horizontal 
spatial frequency axis in the scanning conversion 
thereof between the sequential system and the 
line-interlace system. Accordingly, for investigat- 



ing the difference of signal spectrum distribution 
between those two scanning systems, it is suffi- 
cient to investigate the signal spectrum distribu- 
tion on the two-dimensional coordinates consist- 

5 ing of the vertical spatial frequency axis and the 
temporal frequency axis. 

The sampling frequencies on this two-dimen- 
sional coordinates regarding the line-interlace 
scanning picture signal are defined respectively 

70 by the frequency points ^fvo and afto and the 
harmonics points fvo and fto in combination with 
each other as shown by black spots in Fig. 8. 

As is apparent from the comparison between 
Figs. 7 and 8, regarding the line-interlace scan- 

75 ning system, new sampling frequencies are 
defined by the new frequency points ^fyo and ifto in 
addition to those regarding the sequential scan- 
ning system. So that, in the situation where the 
sequential scanning wideband picture signal Is 

20 converted to the line-Interlace scanning narrow 
band picture signal according to the signal pro- 
cessing Including the subsampling as mentioned 
earlier by referring to Fig. 1, the above new 
sampling frequency points ifyo and if to in combi- 

25 nation with each other defined a new imaginary 
origin O3 and the signal spectrum distribution of 
the sequential scanning wideband picture signal 
is previously restricted within a region including a 
proper origin O bounded by a boundary line 

30 situated equally apart from the proper origin O 
and the above new imaginary origin 0^, that is, a 
straight line-passing through those new sampling 
frequency points ifvo and ^fto- 
Asa result of the above restriction of the picture 

35 signal spectrum distribution region. It is possible 
to prevent the deterioration of picture quality 
caused by the intermixing of the aliasing distor- 
tion component with the proper picture signal 
spectrum distribution in the conversion between 

40 the sequential scanning wideband picture signal 
and the line-interlace scanning narrow band 
picture signal, as shown by shading in Fig. 8. 

Fig. 8 shows the restricted region of the signal 
spectrum distribution in the situation where the 

45 sequential scanning wideband picture signal is 
converted to the 2:1 line-interlace scanning 
narrow band picture signal, in which region the 
imaginary origin Oa is denoted by Oaa for disting- 
uishing the above situation of the 2:1 interiace 

50 scanning from other situations of different ratio 
interiace scanning. In Fig. 8, only the first quad- 
rant relating to the vertical frequency axis and the 
temporal frequency axis Is shown. So that, in 
consideration of all quadrants relating to those 

55 two axes, the whole restricted region of the 
picture signal spectrum distribution becomes a 
square or a rectangle formed of four shaded right- 
angled triangles as.shown in Fig. 8. Accordingly, It 
is possible that the aliasing component spectrum 

60 distribution region centered by the imaginary 
origin Os2 becomes also substantially the same 
square of rectangle, which substantially corre- 
sponds to the visual rhombic region as shown in 
Fig, 2. 

65 For realizing the two-dimensional low-pass fll- 
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ter regarding the vertical frequency and the tem- 
poral frequency axes which has a pass band 
consisting of the above restricted signal spectrum 
distribution region, a two-dimensional low-pass 
filter, which has an equivalent pass band consist- 
ing of a shaded region in Rg. 9(a) and an exem- 
plified configuration of which is shown in Rg. 
9(b), can be preferably provided. 

The two-dimensional low-pass filter composed 
as shown in Rg. 9(b) is formed of a temporal 
frequency and vertical spatial frequency low-pass 
filters 24 and 25 which are combined with a 
subtractor SUB1 and an adder ADD1. The tem- 
poral frequency low-pass filter 24 has a pass band 
consisting of a shaded region an upper limit of 
which is a point a on the temporal frequency axis 
ft as shown in Rg. 9(a), whilst the vertical spatial 
frequency low-pass filter 25 which is applied with 
the input picture signal subtracted of the pass 
band component of the temporal frequency low- 
pass filter 24 therefrom, has a pass band consist- 
ing of a shaded region a lower limit of which Is the 
same point a on the temporal frequency axis f, as 
shown in Rg. 9(a) also. The two-dimensional filter 
output picture signal having a pass band consist- 
ing of the whole shaded region as shown in Rg. 
9(b) can be derived from the output terminal 26 
through the adder ADD2 in which filtered output 
signals respectively derived from those filters 24 
and 25 are added to each other. 

In this connection, the shaded passing region 
as shown in Fig. 8 is approximated by a compara- 
tively simple form in Fig. 9(a). However, for 
approximating this shaded passing region as 
shown in Fig. 8 more accurately and more pre- 
cisely, it is possible to compose a two-dimen- 
sional low-pass filter, which has a pass band 
consisting of a shaded region of Rg. 10(a), as 
shown in Fig. 10(b). 

The two-dimensional low-pass filter composed 
as shown in Fig. 10(b), similarly as that shown in 
Rg. 9(b), is formed of a combination of two 
temporal frequency low-pass filters 28 and 29, 
pass bands of which consist respectively of 
shaded regions, upper limits thereof respectively 
being points Oi and on the time axis and two 
vertical spatial frequency low-pass filters 30 and 
31, pass bands of which consist respectively of 
shaded regions, upper limits thereof respectively 
being points and Pa on the vertical frequency 
axis through two subtracters SUB2, SUB3 and an 
adder ADD2. 

Nextly, an example of a concrete configuration 
of the temporal or the vertical spatial frequency 
low-pass filter used for composing the two- 
dimensional filter is shown in Rg. 11. This exem- 
plified low-pass filter corresponds to a so-called 
transversal filter consisting of successively cas- 
cade connected plural delay elements 34, plural 
weighting multiplier 35 which are connected with 
inputs and outputs of those delay elements 34 
respectively and an adder ADDSfor adding output 
signals of those weighting multipliers 35 to each 
other. Those delay elements 34 consist respec- 
tively of one-frame memories in the temporal 



frequency axis direction low-pass filter, whilst 
those delay elements 34 consist respectively of 
one-line memories. 
Nextly, Fig. 12 shows restricted regions of the 

5 signal spectrum distribution in the situation 
where the sequential scanning wideband picture 
signal is converted to the 3:1 line-interlace scan- 
ning narrow band picture signal, similarly as Rg. 
8 regarding the conversion to the 2:1 line-inter- 

10 lace scanning narrow band picture signal. As is 
apparent from Fig. 12, new sampling frequency 
points newly generated in the conversion to the 
3:1 line-interlace scanning narrow band picture 
signal appear at black spots 0,3 and O'sa as 

16 shown in Fig. 12, which correspond respectively 
to frequency points %fvo# ifvo and ifto, §fto as 
defined in relation to the interlace ratio 3:1. 
Accordingly, regarding the restricted signal spec- 
trum distribution region in the conversion to the 

20 3:1 interiace scanning picture signal, similarly as 
in the conversion to the 2:1 interiace scanning 
picture signal as shown in Rg. 8, the above 
mentioned frequency points 0»3 and O'^a are 
respectively regarded as imaginary origins and a 

25 boundary line situated equally apart from those 
imaginary origins 0^3, O'ea and the proper origin 
O is obtained. As a result, the necessary restricted 
distribution region in the first quadrant becomes 
a part of a regular octagon centered by the proper 

30 origin O as shown by shading in Rg. 12, as well as 
aliasing distortion component spectrum distribu- 
tion regions respectively centered by those imagi- 
nary origins and O'^ become substantially 
similar regular octagons as the same. 

35 Nextly, Fig. 13 shows restricted regions of the 

signal spectrum distribution in the situation 
where the sequential scanning wideband picture 
signal is converted to the 4:1 line-interiace scan- 
ning narrow band picture signal, similarly as Fig. 

40 12 regarding the conversion to the 3:1 line- 
interiace scanning narrow band picture signal. As 
is apparent from Rg. 13, new sampling frequency 
points newly generated In the conversion to the 
4:1 line-interiace scanning narrow band picture 

45 signal appear at black spots Os4' 0'»4 and 0"a4 as 
shown in Fig. 13, which correspond respectively 
to frequency points ifvo* i^w/ ifvo and ifto, ifto* Jfto on 
respective axes as defined in relation to the 
interiace ratio 4:1. Accordingly, regarding the 

50 restricted signal spectrum distribution region in 
the conversion to the 4:1 interiace scanning 
picture signal^ similarly as In the conversion to the 
3:1 interiace scanning picture signal as shown in 
Rg, 12, the above mentioned frequency points 

55 OsA, 0'a4 and O"^ are respectively regarded as 
imaginary origins and a boundary line situated 
equally apart from those imaginary origins 0^4, 
0'b4, 0"s4 and the proper origin O is obtained. As 
a result, the necessary restricted distribution 

60 region in the first quadrant becomes a part of an 
Irregular dodecagon centered by the proper ori- 
gin O as shown by shading in Fig. 13, whilst 
aliasing distortion component spectrum distribu- 
tion regions respectively centered by those imagi- 
65 nary origins O^, 0'»4 and 0"e4 become sub- 
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stantially similar irregular dodecagons as the 
same. So that, similarly as mentioned above by 
referring to Figs. 9 to 11, the necessary two- 
dimensional low-pass filter can be realized. 

in this connection, as is apparent from the 
deduction of the mentioned above, in the situa- 
tion where the interlace ratio is further 
increased, similarly as mentioned above, new 
sampling frequency points adjacent to the 
necessary restricted signal spectrum distribution 
region appear on the straight line passing 
through the frequency point ^f^o on the vertical 
frequency axis and the frequency point hito on 
the time axis. So that, the necessary restricted 
signal spectrum distribution region can be 
obtained similarly as mentioned above by refer- 
ring to Figs. 12 and 13 and further a required 
two-dimensional low-pass filter having a pass 
band consisting of the above restricted signal 
spectrum distribution region can be composed. 
Consequently, even for the conversion to the 
various ratio interiace scanning picture signal, 
the picture quality deterioration caused by the 
aliasing distortion component can be prevented. 

The above mentioned restricted signal spec- 
trum distribution region according to the 
present invention for preventing the intermixing 
of the aliasing distortion component can be 
applied to the scanning conversion from the 
sequential scanning wideband picture signal to 
the dot-interiace scanning picture signal 
similarly for the scanning conversion to the 
above line-interiace scanning picture signal. An 
exemplified restricted signal spectrum distribu- 
tion region in this situation is shown in Rgs. 14 
and 15. 

In this situation also, similarly as the above 
mentioned various situations, a new sampling 
frequency point based on the scanning conver- 
sion for grouping every other picture elements 
of a picture composed by the sequential scan- 
ning into two groups, as shown by denoting 
with two kinds of marks o and x, so as to effect 
the 2:1 dot-interiace scanning, appears at a 
diagonal apex "h" opposite to the coordinate 
origin "O" on a cube "a b c d e f h o" formed 
on the basis of apexes "c, a and e", which 
correspond respectively to frequency ^fuo# ^fvo 
and sfto respectively defined by the dot-interlace 
ratio 2:1 on the horizontal frequency, the verti- 
cal frequency and the temporal frequency axes 
of the three-dimensional coordinates, as shown 
In Fig. 15. So that, a restricted signal spectrum 
distribution region defined according to the con- 
sideration similar to that regarding the scanning 
conversion to the line-interiace scanning 
becomes a region defined by segmental lines 
passing through the apexes "a, b, c, d, e, f and 
o" and a crossing point "g" of diagonals of the 
above mentioned cube. 

For realizing a three-dimensional low-pass fil- 
ter having a pass band consisting of the above 
complicatedly restricted signal spectrum dis- 
tribution region, this complicatedly restricted 
region Is approximated by a comparatively sim- 



ple solid region as shown in Fig. 16(a), so as to 
attain a substantially similar functional effect of 
low-pass filtering. 
Further, for realizing another three-dimen- 

5 sional low-pass filter having a pass band con- 
sisting of the above solid region, this three- 
dimensional filter can be composed similariy as 
the two-dimensional filter as shown in Fig. 9{b), 
which has the pass band consisting of the tem- 

10 poral frequency region and the vertical spatial 
frequency region, these different direction 
regions being obtained by resolving the com- 
plicatedly restricted region as shown in Fig. 9(a). 
That is, this three-dimensional low-pass filter 

IS can be comparatively simply composed, as 
shown in Fig. 16(b), by combining a temporal 
frequency low-pass filter 38, a vertical spatial 
frequency low-pass filter 39 and a horizontal 
spatial frequency low-pass filter 40 together 

20 with subtracters SUB4, SUB5 and an adder 
ADD4. 

in this connection, for improving the accuracy 
of the above approximation of the pass band 
required as shown in Fig. 16(a) for the three- 

25 dimensional low-pass filter which is composed 
as shown in Rg. 16(b), it is possible that, as 
shown in Fig. 16(c), respective pass bands of 
two three-dimensional low-pass filters 43, 44, 
which are composed approximately as shown in 

30 Fig. 16(b), are slightly shifted to each other and 
then these two filters 43, 44 are combined with 
each other through subtracters SUB6, SUB7, so 
as to approximate a resultant composite pass 
band more closely to the required pass band as 

35 shown in Fig. 15. 

In addition, the manner of composition of the 
three-dimensional low-pass filter for the conver- 
sion to the 2:1 dot-interiace scanning picture, 
similarly as mentioned eariier regarding the 

40 line-interiace scanning system, can be applied to 
the further increased ratio dot-interiace scanning 
system. 

In the picture signal processing apparatus as 
shown in Fig. 1 according to the present inven- 

45 tion, as mentioned earlier, the line-interiace 
scanning wideband picture signal (a), the band- 
width of which is appropriately restricted 
through tfie multi-dimensional low-pass filter 2, 
is converted to the line-interiace scanning 

so picture signal (c) through the subsampiing cir-r 
cuit 3 and the time axis converting circuit 4 as 
mentioned by referring to Fig, 3. This converted 
narrow band picture signal (c) is transmitted in 
a form of carrier signal converted through a 

55 modulator 5 and restored into an original signal 
form through a demodulator 6 at the receiving 
end. In this connection, the modulator 5 and the 
demodulator 6 used for the transmission can be 
composed in an analog or a digital form and 

60 further similarly as conventional equipments. 

At the receiving end, the restored narrow 
band picture signal (c) is applied to a time-axis 
converting circuit 7a, in which the time axis 
thereof converted by the time-axis converting 

65 circuit 4 at the sending end is restored to the 
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original state, so as to reproduce the wideband 
intermittent picture signal as shown by the 
waveform (b) in Rg. 3, and further the reproduced 
intermittent picture signal (b) is appropriately 
interpolated, so as to obtain a quasi sequential 
scanning wideband picture signal. This quasi 
wideband picture signal is situated in a state such 
as the prevention against the picture quality 
deterioration caused by the aliasing distortion 
component has been effected through the spatio- 
temporal filter 2, and thereafter further 
unnecessary components have been intermixed 
through the subsampling circuit 4 and the above 
time-axis converting circuit 7a outside the 
restricted signal spectrum distribution region 
thereof. Consequently, this quasi wideband 
picture signal is applied to a three-dimensional 
low-pass filter 7b which has the same perform- 
ance as the filter 2 at the sending end, so as to 
remove the above intermixed unnecessary com- 
ponents therefrom. The resultant high quality 
sequential scanning wideband picture signal can 
be displayed on a display equipment 8. 

In this connection, for simplifying and 
economizing the receiving apparatus, it is poss- 
ible to simplify the configuration of the three- 
dimensional low-pass filter 7b also. However, it is 
required also for this simplification that the lower 
sampling frequency components generated by 
sampling the picture signal, aliasing distortion 
components distributed, for instance, in the alias- 
ing component region centered by the sampling 
frequency point as shown in Fig. 8 or in the 
aliasing component regions centered respectively 
by the sampling frequency points 0^3, O'gs as 
shown in Fig. 12 are sufficiently suppressed 
enough such as those distortion components are 
hardly detected noticeably in the displayed 
picture. 

In addition, thereto, it is possible that the time- 
axis converting circuit 7a and the three-dimen- 
sional low-pass filter 7b are exchanged to each 
other at the receiving end, so as to previously 
effect the three-dimensional filtering on the 
narrow band picture signal for removing the 
unnecessary sampling frequency components 
generated in company with the time-axis coriver- 
sion therebefore, and thereafter to effect the tirrie- 
axis reconversion on this line-interlace scanning 
narrow band picture signal. 

An example of an essential portion of the above 
modified arrangement in the situation where the 
2:1 line-interlace scanning picture signal is con- 
verted to the sequential scanning picture signal is 
shown in Fig. 17. 

In the configuration as shown in Fig. 17, the 
line-interlace scanning narrow band picture 
signal 46 derived from the demodulator 6 as 
shown by the waveform (c) in Fig. 3 is directly 
applied to a three-dimensional low-pass filter 50 
as a non-delay picture signal 52, as well as 
applied thereto through a combination of two 
one-field memories 47, 48 and a half-line memory 
49 respectively as a one-frame delayed picture 
signal 53 and a one-field and half-line delayed 



picture signal 54, so as to effect the aforesaid 
restriction of the signal spectrum distribution 
region on those picture signals, as well as to 
previously form an interpolating signal on the 

5 basis of the one-field and half-line delayed picture 
signal, as shown successively by waveforms in 
Fig. 18, for interpolating an intermittent picture 
signal as shown by the waveform (b) in Rg. 3 
which is formed thereafter by a succeeding time- 

70 axis converting circuit 51. 

Further speaking in detail, as shown by the 
successive waveforms in Rg. 18, intermittent line 
picture signals successively denoted by scanning 
line numbers i,+1, (,+3, ii+5, ... in the one-field 

IS and half-line delayed picture signal 54 are applied 
to the time-axis converting circuit 51 as those are, 
as a group 55 of every other line picture signals 
successively denoted by ii+1, ii+3, ii+5, ... in the 
time-axis converted picture signal, as well as a 

20 weighted combination of intermittent line picture 
signals successively denoted by io, io+2, io+4, ... 
in the non-delay picture signal 52 and intermittent 
line picture signals successively denoted by i2, 
I2+2, i2+4, ... in the one-frame delayed picture 

25 signal 53 is applied to the time-axis converting 
circuit 51 as an interpolating picture signal 56 for 
supplementing another group of every other line 
picture signals successively denoted by ii, ii+2, 
ii+4, which was previously omitted by the 

30 subsampling circuit 3 at the sending end. In this 
connection, among those mutually interpolating 
output picture signals 55 and 56, lower range 
components of the former are extracted through a 
vertical spatial frequency low-pass filter, as well 

35 as higher range components of the latter are 
extracted through a vertical spatial frequency 
high-pass filter. Those lower range and higher 
range components of the mutually interpolating 
output picture signals can be employed also for 

40 supplementing the above mentioned omitted line 
picture signals i^, \^+2, ii-§-4, .... Moreover, since 
all of the input picture signals of the three- 
dimensional low-pass filter 51 take a signal form 
of narrow band picture signal as shown by the 

45 waveform (3) in Rg. 3 in the configuration as 
shown in Fig. 17, the speed of signal processing in 
the three-dimensional filter 51 can be lowered to 
half of that in the three-dimensional filter 7b in the 
configuration as shown in Fig. 1, and, as a result, 

so the composition of the three-dimensional filter 51 
can be favourably facilitated. 

The line-interlace scanning narrow band picture 
signal before or after the interpolating and filter- 
ing process as mentioned above is applied to the 

55 time-axis converting circuit 51 or 7b, so as to 
convert the time-axis thereof as well as interpo- 
late scanning lines thereof, and, as a result, it is 
converted to the line-sequential scanning wide- 
band picture signal. An example of configuration 

60 of the time-axis converting circuit for effecting the 
above time-axis conversion is shown in Fig. 19(a) 
and the behaviour of time-axis compression and 
Interpolation thereby is shown by waveforms in 
Rg, 19(b). In the exemplified time-axis converting 

65 circuit as shown in Fig. 19(a), an odd line and an 
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even line picture signals 57 and 58 corresponding 
respectively to the mutually interpolating output 
picture signals 55 and 56 derived from the three- 
dimensional low-pass filter 50 are alternately 
written into two paired one-line memories 63-1, 
63-2 and 63-3, 63-4 at a low speed through a 
double pole and double throw changeover switch 
59, as well as alternately read out from those pairs 
at a high speed through another double pole and 
double-throw changeover switch 60, and further 
alternately changed over through a single pole 
and double throw switch 61. Consequently, as 
shown in Rg. 19(b), two series of odd-line picture 
signals a, b, ..* and c, d, which are read out at 
the high speed, are alternately derived from the 
switch 61, so as to obtain the sequential scanning 
wideband picture signal consisting of those 
successive line picture signals a, c, b, d, ... at an 
output terminal 62. 

The high speed sequential scanning wideband 
picture signal obtained by the aforesaid inter- 
polating and filtering process and the aforesaid 
time-axis conversion is applied to the display 
equipment 8 formed of, for instance, a conven- 
tional cathode ray tube, so as to display a high 
quality picture which is sufficiently prevented 
from the quality deterioration caused by the 
intermixing of the aliasing distortion component 
in company with the scanning conversion. 

Nextly, for simplifying the configuration as 
shown in Rg. 1 of the picture signal processing 
apparatus in which the picture quaii^ deterior- 
ation based on the aliasing distortion component 
can be prevented according to the present inven- 
tion, the elements 1, 2, 3 and 4 of the exemplified 
configuration are substituted by a conventional 
television camera of 2:1 line-interiace scanning 
system, so as to apply a standard system tele- 
vision picture signal obtained therefrom to the 
modulator 5 instead of the low speed line-inter- 
lace scanning narrow-band picture signal as 
shown by the waveform (e) in Fig. 3. According to 
this simplified configuration, the three-dimen- 
sional low-pass filtering and the time-axis conver- 
sion according to the present invention are 
effected only at the receiving end. Moreover, 
according to this simplified configuration, the 
picture signal applied from the television camera 
to the modulator 5 is no more than the standard 
system television picture signal, so that a benefit 
such as this camera output picture signal can be 
applied to some other purposes is obtained. 

In addition, the picture signal processing of the 
present invention can be applied to a mono- 
chrome picture signal as well as a color picture 
signal. Basically, it can be applied in parallel to 
each components of the color picture signal, that 
is, each primary colour picture signals R, G, B or a 
brightness signal Y and colour difference signals 
R-Y, B-Y. However, in this situation, the number of 
frame memories required at the receiving end can 
be reduced by effecting the three-dimensional 
filtering process to be applied to those colour 
component signals at the receiving end as 
follows. 



For instance, in the situation where the high 
speed sequential scanning colour picture signal is 
transmitted through the process of temporary 
conversion to the low speed 2:1 line-interiace 

5 scanning colour picture signal, sampling fre- 
quency points concerning the three-dimensional 
filtering process in the colour picture conversion 
from the sequential system to the 2:1 line-inter- 
lace scanning system appear, as mentioned 

10 eariier by referring to Fig. 8, at the imaginary 
origin 0^2 relating to the frequency point Ify^ on 
the vertical frequency axis and the frequency 
point Jf,o on the temporal frequency axis. How- 
ever, the colour picture signal has a well known 

IS feature that the resolution required for colour 
difference signals B-Y, R-Y is extremely low in 
comparison with that required for the brightness 
signal Y and further the standard system colour 
television picture signal is formed by positively 

20 utilizing this feature. 

So that, for positively utilizing the above feature 
of the colour picture signal, the pass band of the 
two-dimensional low-pass filter used for the fil- 
ters 2 and 7b in the configuration as shown in Rg. 

25 1 is defined by a rectangle as shown by a 
surrounding chain line in Rg. 8, a width of in the 
vertical frequency axis direction of which is 
halved, instead of the aforesaid triangle as shown 
by the surrounding solid line in Fig. 8. A two- 

30 dimensional low-pass filter having this pass band 
can be formed of a combination of frame 
memories and line memories similarly as men- 
tioned eariier. However, although this two-dimen- 
sional low-pass filter can be employed for the pre- 

35 filter 2 at the sending end, regarding the interpo- 
lation filter 7b at the receiving end, a conventional 
low-pass filter having a cutoff frequency ^f^ along 
the vertical frequency axis only, whilst any low- 
pass filter is not provided along the temporal 

40 frequency axis, except for a visual low-pass filter 
usually used for displaying a conventional colour 
television picture signal. As a result, the aliasing 
distortion can be suppressed in a displayed 
picture without any deterioration of colour picture 

45 quality. 

In this connection, regarding the colour dilfer- 
ence signals B— Y, R— Y having particularly low 
resolutions, the displayed colour picture quality is 
not substantially deteriorated, even though the 

50 pass band along the vertical spatial frequency 
axis is extremely reduced as shown by phe chain 
line in Rg. 8. Contrarily, according to the above 
simplified configuration, a frame memory pre- 
pared for the colour signal can be omitted. How- 

55 ever, the filtering process employing frame 
memories is effected along the time axis in 
practice, so that the brightness signal Y is delayed 
at a rate of frame. Consequently, it is necessary to 
previously delay the colour difference signals 

60 B— Y, R— Y by a time corresponding to the above 
delay before these signals are transmitted to the 
receiving end. 

Nextly, an example of the configuration of the 
picture signal processing apparatus provided for 

65 applying the picture signal processing of the 
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present invention to a coded picture signal of 
interframe coding system will be described by 
referring to Figs. 20(a) and (b). 

Fig. 20(a) shows a basic configuration of the 
picture signal coding apparatus, and Fig. 20(b) 
shows an example of a configuration in which the 
present invention is applied thereto. That Is, in the 
picture signal coding apparatus of interframe 
coding system as shown basically in Fig. 20(a), an 
input analog picture signal 64 is applied to a 
quantizer 65 through a subtracter SUBS, a quan- 
tized picture signal derived therefrom being 
written into a frame memory 66 through an adder 
ADDS, a one-frame-delayed quantized picture 
signal read out therefrom being applied to the 
adder ADDS, so as to be added to the quantized 
picture signal derived from the quantizer 65, as 
well as applied to the subtracter SUBS, so as to be 
subtracted from the input picture signal, an inter- 
frame difference picture signal being applied to 
the quantizer 65, so as to transmit a coded 
interframe difference picture signal to a receiving 
end. At the receiving end, the coded interframe 
difference picture signal is applied to an adder 
ADD6, a resultant picture signal derived there- 
from being applied to a frame memor/ 67. This 
frame memory 67 is applied with an immediately 
preceding frame picture signal, which is read out 
therefrom, so as to be applied to the adder ADD6 
as a predicted picture signal. This predicted 
picture signal is added to the input coded inter- 
frame difference picture signal, so as to obtain a 
new one frame picture signal, which is newly 
written into the frame memory 67. As a result, an 
output frame picture signal 68 can be succeed- 
ingly derived from the ADD6. 

On the other hand, in the interframe difference 
picture signal coding apparatus applied with the 
picture signal processing system of the present 
invention as shown in Fig. 20(b), the low speed 
line-interlace scanning narrow band picture 
signal as shown by the waveform (c), which is 
formed at the sending end through the picture 
signal processing apparatuses 1, 2, 3 and 4 as 
shown in Fig. 1, is used for the input analog 
picture signal 64 of the basic configuration as 
shown in Fig. 20(a). Further, at this receiving end, 
the frame memory 67 is used for forming tiie 
predicted picture signal as well as for composing 
the three-dimensional Interpolation filter 7b in the 
configuration as shown in Fig. 1. For Instance, in 
the situation where the sequential scanning 
picture signal is converted to the line-interiace 
scanning picture signal, this frame memory 67 Is 
divided into two field memories, which are used 
for the one field memories 47 and 48 in the 
receiving equipment as shown in Fig. 17. 

So that, the receiving equipment in the basic 
configuration as shown In Fig. 20(a) is arranged 
just the same to this receiving equipment as 
shown in Fig. 17. Consequently, at the end of the 
above mentioned interframe difference coded 
picture signal transmission system also. It is 
possible to present the deterioration of the repro- 
duced picture quality caused by the intermixing of 



the aliasing distortion component generated by 
the coding process according to the application of 
the three-dimensional interpolation filtering pro- 
cess of the present invention. 

5 In addition, in the situation where the picture 

signal processing system according to the 
present invention is applied to a receiving equip- 
ment of the so-called still picture broadcast 
similarly as mentioned above regarding to the 

10 interframe difference coded picture signal trans- 
mission system, the same functional effect can be 
obtained. Further speaking in detail, in the still 
picture broadcasting system, desired one of 
various still picture signals transmitted succes- 

15 sively by one frame is memorized in a frame 
memory provided at the receiving end thereof, 
and repeatedly reproduced therefrom. So that, in 
the still picture broadcasting system also, the 
frame memory provided at the receiving end 

20 thereof is divided into two field memories, which 
are used for effecting a picture signal processing 
similar as effected by the one-field memories 47 
and 48 in the receiving equipment as shown in 
Fig. 17, and, as a result, the reproduction of the 

25 high quality picture signal can be easily per- 
formed according to the similar three-dimen- 
sional interpolation filtering process. 

Nextly, the picture contour compensation 
effected on three-dimensional picture signal com- 

30 ponents Including the temporal frequency com- 
ponent, so as to improve the sharpness of tele- 
vision picture, according to the picture signal 
processing of the present Invention, will * be 
described hereinafter. 

55 Conventionally, a picture contour compensat- 
ing composed as shown in Fig. 21 Is adopted for 
improving the sharpness of television picture. 

In this configuration, an input picture signal 71 
and a two-line delayed picture signal derived 

40 from one-line delays 72 and 72', which are con- 
nected with each other In series and applied with 
the input picture signal 71, are applied to a 
combination of an adder ADDS and a 6 dB 
attenuator 73, so as to form an average picture 

45 signal, this average picture signal and a one-line 
delayed picture signal derived from the one line 
delay 72 being differentially applied to a combina- 
tion of a subtractor SUB10 and an adjustable 
attenuator 74, a difference picture signal derived 

50 therefrom being added to the above one-line 
delayed picture signal through an adder ADD10, 
so as to obtain an output picture signal which Is 
affected by the picture contour compensation 
regarding the vertical spatial frequency com- 

55 ponent. 

The spatial frequency performance of the above 
mentioned picture contour compensating circuit 
becomes as shown in Fig. 22 regarding a tele- 
vision picture signal of standard system in which 

&) the 2:1 line-interiace scanning is effected, and 
particularly on the basis of the application of the 
one-line delay the vertical spatial frequency per- 
formance relating to the number N of scanning 
lines as shown in Fig. 22 can be obtained. 

65 In addition, the picture contour compensation 
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regarding the horizontal spatial frequency com- 
ponent can be effected by employing delay lines 
having a delay time of hundred nanoseconds in 
place of those one-line delays 72, 72' in the above 
mentioned configuration, such as the resultant 
horizontal spatial frequency perfomriance is 
adapted to the above vertical spatial frequency 
performance, in which the central frequency of 
the boosted region required for the picture con- 
tour compensation is situated at a position N/4 on 
the vertical spatial frequency axis. 

In this connection, the vertical spatial frequency 
of the television picture signal is normalized by 
the height of the television picture in Fig. 22, and, 
regarding the television picture having the 
number N of scanning lines, the spatial frequency 
component maximally up to N/2 can be transmit- 
ted and reproduced. So that, the central fre- 
quency N/4 of the boosted region of the spatial 
frequency performance for improving the sharp- 
ness of television picture according to the con- 
ventional picture contour compensating circuit as 
shown in Fig. 21 is no more than a half of the 
spatial frequency N/2 which is ideally transmitted 
and reproduced, with a defect that the sufficient 
compensation of picture contour cannot be 
realized. 

For raising the central frequency of the boosted 
region of the vertical spatial frequency perform- 
ance by removing the above mentioned conven- 
tional defect, it is conceivable to employ a one- 
field delay line In place of the above one-line 
delay. However, in the situation where the picture 
contour compensation regarding the vertical spa- 
tial frequency is effected by employing the one- 
field delay line, an extremely intense flicker dis- 
turbance is caused in detailed portion of the 
reproduced picture, and, as a result, the repro- 
duced picture quality is excessively deteriorated 
against the intention. Moreover, in the conven- 
tional television camera, the accumulation effect 
of the camera tube is utilized for increasing the 
camera sensitivity, so that, an extensive ambi- 
guity is caused by the motion of the target in the 
reproduced picture, and, as a result, the repro- 
duced picture quality is excessively deteriorated 
also. 

For solving the various problems mentioned 
above regarding the contour compensation of the 
television picture by effecting the picture contour 
compensation regarding the three-dimensional 
coordinates including the temporal frequency 
axis according to the application of the picture 
signal processing of the present invention, a 
configuration as shown in Fig. 23 similarly as 
shown In Fig. 1 should be used. 

In a simplified explanation of the configuration 
as shown in Rg. 23, the sequential scanning 
picture signal having N scanning lines is applied 
from the camera 1 to the three-dimensional low- 
pass filter 2, so as to restrict the signal spectrum 
distribution region, and applied to the time-axis 
converting circuit 4, so as to be converted into the 
2:1 line-interiace scanning picture signal, which is 
applied to the modulator 5, so as to be converted 



into the carrier frequency signal. The pass band 
required for the three-dimensional low-pass filter 
2 becomes the shaded triangular region in Fig. 24, 
which newly shows the same as shown in Fig. 2. 
5 Among the spatial frequency spectrum distribu- 
tion regions as shown in Fig. 24, the signal 
spectrum distribution region surrounding the 
sampling frequency point A by a dotted line is 
based on the conversion from the sequential 
10 scanning picture signal derived from the camera 1 
to the 2:1 line-interlace scanning picture signal. 
However, the camera output picture signal has 
additionally unnecessary side band frequency 
spectrum distribution regions which surround 
15 respectively other sampling frequency points C, 
D, E, ... as shown by dotted lines. So that, the 
three-dimensional low-pass filter 2 is provided for 
preventing the intermixing of the aliasing distor- 
tion components based on those unnecessary 
20 spectrum distribution regions C, D, E, ... with the 
proper signal spectrum distribution region 
surrounding the proper origin B, By the way, the 
spatial frequency low-pass filter 2 is substantially 
effected as the two-dimensional low-pass filter in 
25 the conversion to the 2:1 llne-interiace scanning 
picture signal, as mentioned eariier. 

At the receiving end of the configuration as 
shown in Fig. 23, the 2:1 line-interiace scanning 
picture signal derived from the demodulator 6 is 
30 reconverted into the sequential scanning picture 
signal through the time-axis converting circuit 7a. 
In this reconverted sequential scanning picture 
signal, the above mentioned unnecessary side 
band frequency components belonging to the 
35 spectrum distribution regions A, C, D, ... again on 
the basis of the scanning conversion processes 
are contained again, and, as a result, intensely 
deteriorate the quality of the reproduced picture 
based on the proper signal distribution region B. 
40 Consequently, for preventing the above picture 
quality deterioration, the three-dimensional inter- 
polation filter 7b is provided at the receiving end 
of the picture contour compensation system as 
shown in Fig. 23. 
45 In this connection, the practical configuration of 
the above system on the whole is generally 
arranged such as, among the unnecessary fre- 
quency spectrum distribution regions as shown in 
Fig. 24, the side band frequency component 
50 belonging to the region C Is naturally suppressed 
in company with the decrease of the performance 
of the display equipment 8 and the visual MTF 
performance of the vertical spatial frequency 
component, whilst the side band frequency com- 
55 ponent belonging to the region D is naturally 
suppressed in company with the decrease of the 
visual MTF performance of the temporal fre- 
quency component, so that the reproduced 
picture quality is not affected by any distinct 
60 obstacle, but principally affected by the side band 
component belonging to the region A. 

Nextly, the application of the above mentioned 
picture contour compensation according to the 
present invention to the television picture signal 
65 transmission system will be described. 
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In the picture contour compensation according 
to the present invention, as mentioned above, the 
contour compensation is effected regarding the 
two-dimensional spatial frequency region as well 
as regarding the temporal frequency component. 
In addition, the contour compensation regarding 
the 2:1 iine-interlace scanning picture signal is 
performed by boosting the region adjacent to the 
upper limit frequency of the signal spectrum 
distribution region as shown by shading in Rg. 
24. 

The above boosted contour compensation will 
be described by successively referring to Figs. 
25(a), (b) and (c). That is, as shown by shading in 
Rg, 25(a), the boosting is effected by expanding 
the upper limit frequency region being close to 
the oblique boundary line of the necessary pass 
band triangular region, the boosted vertical spa- 
tial frequency performance being shown in Fig. 
25(b), whilst the boosted temporal frequency 
performance being shown in Fig. 25(c). The 
boosting of the restricted spectrum distribution 
region of the three-dimensional low-pass filter is 
theoretically desirable. However, in the practical 
configuration thereof. It is necessary to reduce the 
number of circuit elements and the scale thereof 
as smaller as possible, so as to take the economy 
thereof into consideration. Accordingly, it is pre- 
ferable to approximate the three-dimensional 
restricted filtering performance as shown in Fig. 
25(a) by a combination of simple filtering perfor- 
mances which can be easily realized as shown in 
Fig. 26. This combination of simple filtering per- 
fonmances can be realized by employing a con- 
figuration as shown in Fig, 27. 

In this configuration, 78 denotes a restricted 
temporal frequency band filter,* the pass band 
performance thereof being shown by an 
amplitude to frequency characteristic curve (a) in 
Fig. 28, such as the region (a) In the pass band 
performance as shown In Fig. 26 is boosted. 79 
denotes a restricted vertical spatial frequency 
band filter, the pass band performance thereof 
being shown by an amplitude to frequency 
characteristic curve (a) in Fig. 29, such as the 
region (b) in the pass band performance as shown 
in Rg. 26 is boosted. 80 denotes a restricted 
temporal frequency band filter, the pass band 
performance thereof being shown by an 
amplitude to frequency characteristic curve (b) in 
Rg. 28, such as the region (c) in the pass band 
performance as shown in Fig. 26 Is boosted. And 
81 denotes a restricted vertical spatial frequency 
band filter, the pass band performance thereof 
being shown by an amplitude to frequency 
characteristic curve (b) in Rg. 29, such as the 
region (d) in the pass band performance as shown 
in Rg. 26 is boosted. 

In this connection, all of these filters can be 
easily realized by employing so-called transversal 
filters composed similarly, for instance, as shown 
In Rg. 11. Among these filters, the restricted 
temporal frequency band filters 78, 80 can be 
realized by employing transversal filters which 
are composed of one-field memories arranged for 



the sequential scanning picture signal as unit 
delay elements, whilst the restricted vertical spa- 
tial frequency band filters 79, 81 can be realized 
by employing transversal filters which are com- 
5 posed of one-line delays arranged for the sequen- 
tial scanning picture signal as unit delay 
elements. 

In addition, for approximating the necessary 
pass band performance as shown in Rg. 25(a) 

10 more closely than as shown in Figs. 26(a) and (b), 
it is preferable to combine partly approximated 
performances, for instance, as shown in Fig. 30. 

That is, temporal and vertical spatial frequency 
restricted band filters having respectively various 

IS amplitude to frequency performances can be 
composed by boosting a region approximated by 
minute stair-steps as shown by shading in Fig. 30. 

In connection therewith, regarding the picture 
contour compensation of the horizontal spatial 

20 frequency component, simllariy as the conven- 
tional contour compensation as mentioned 
eariier, a contour compensating circuit for the 
horizontal spatial frequency component is com- 
posed of delay lines having delay times in a 

25 measure of a few hundred nanoseconds and 
connected in series with the above temporal and 
vertical spatial frequency component contour 
compensating circuit In this situation, it is prefer- 
able to boost a region corresponding to. the 

30 region (b) in the pass band performance as shown 
in Rg. 26 regarding the vertical spatial frequency 
boosted region. 

In addition, for simplifying the configuration of 
the picture contour compensating circuit accord- 

35 ing to the present invention, it is possible to omit 
both or either one of the temporal frequency 
restricted band filters corresponding respectively 
to the regions (a) and (c) of the pass band 
performance as shown in Fig. 26. That is, in the 

40 configuration as shown in Fig. 27, the restricted 
temporal frequency band filter 78 corresponding 
to the region (a) of the pass band performance as 
shown in Fig. 26 is comparatively significant, so 
that it cannot be omitted, and besides the number 

45 of necessary circuit elements is not so increased 
by providing the filter 78. On the contrary, the 
number of necessary circuit elements can be 
considerably reduced by omitting the restricted 
temporal frequency band filter 80 corresponding 

so to the region of the pass band performance as 
shown in Fig. 26. 

In the above description, the picture contour 
compensation applied with the picture signal 
processing according to the present invention is 

55 explained only in the situation where the sequen- 
tial scanning picture signal Is converted to the 2:1 
line-interiace scanning picture signal. However, 
the picture contour compensation according to 
the present invention can be applied also to the 

60 scanning conversion to any further larger ratio 
line-interlace scanning picture signal or to the 
dot-lnteriace scanning picture signal, simllariy as 
mentioned above, by setting up the pass band 
required for the three-dimensional restricted 

65 band filter and further by boosting the region 
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adjacent to the upper limit of the required pass 
band sinnilarly as mentioned above by referring to 
Fig. 25(a). 

' The above mentioned picture contour compen- 
sation applied with the picture signal processing 
according to the present invention is sufficient to 
be effected only at the sending end of the picture 
signal transmission system, similarly as the con- 
ventional picture contour compensation applied 
to the standard system television picture signal. 
However, if it is individually effected at each 
receiving ends thereof, further improved contour 
compensations can be attained. In this situation, 
the pass band of the three-dimensional restricted 
band filter forming the interpolation filter 7b at 
the receiving end of the configuration as shown in 
Fig. 23 is given with the required boosted per- 
formance. Further in this situation, the three- 
dimensional contour compensation at the send- 
ing end can be omitted, if desired, so that, even 
when a television camera of 2:1 line-interlace 
system is employed at the sending end of the 
picture signal transmission system, the same 
functional effect based on the application of the 
picture signal processing according to the present 
invention into the picture contour compensation 
can be sufficiently attained. 

As is apparent from the explained above, it is 
possible according to the present invention to 
prevent the intermixing of the three-dimensional 
aliasing distortion component generated in com- 
pany with the scanning in the camera at the 
sending end of the television picture signal trans- 
mission system into the proper signal spectrum 
distribution region, so that the deterioration of the 
reproduced picture quality can be sufficiently 
removed, so as to attain the high quality picture 
signal transmission. 

In addition, at the receiving end thereof, the 
three-dimensional sampling frequency com- 
ponents and side band components thereof, 
which are previously contained in the received 
picture signal or generated by the signal pro- 
cessing at the receiving end, can be removed 
through the three-dimensional interpolation filter, 
and, as a result, the high quality picture consisting 
of the proper base band frequency components 
only can be displayed. Consequently, the 
deterioration of picture quality, which is conven- 
tionally difficult to be sufficiently prevented 
because of the cause thereof based on the inter- 
mixing of the three-dimensional sampling fre- 
quency components and side band components, 
can be distinctly Improved so as to display the 
high quality picture. 

In the situation where the above removement 
of unnecessary signal components through the 
three-dimensional filter is applied to both of 
sending and receiving ends of the television 
picture signal transmission system, the most 
desirable picture signal transmission system can 
be realized in principle. 

In addition, in the situation where the three- 
dimensional interpolation filter having the mini- 
mum function indispensable for sufficiently sup- 



pressing unnecessary signal components is pro- 
vided at the receiving end, the reproduced picture 
quality can be extensively improved as well as the 
three-dimensional restricted band filter required 
5 at the receiving end can be simplified and minia- 
tured, so that the receiving equipment can be 
easily economized. 

Moreover, in the situation where, at the sending 
end, any special picture processing including the 
10 subsampling and the time-axis conversion are not 
performed at all, but the conventional television 
picture signal of standard system is transmitted 
as It is, and, only at the receiving end, the above 
mentioned three-dimensional interpolation filter- 
15 ing and the time-axis conversion are effected, the 
picture signal processing according to the present 
invention can be applied to the transmission of 
the ordinary television picture signal. 
The picture signal obtained by applying the 
20 three-dimensional band restriction, the sub- 
sampling and the time-axis conversion to the 
sequential scanning camera output picture signal 
has a signal form being substantially same as the 
line-interlace scanning picture signal in nature, so 
25 that the picture signal processed according to the 
present invention has a benefit such that it can be 
used together with the conventional picture 
signal of standard system. 
That is, the picture signal converted to the 2:1 
30 line-interlace scanning system after processed 
according to the present invention can be used as 
the standard system picture signal as it is. More- 
over, at the receiving end, even if the three- 
dimensional interpolation filtering and the time- 
. 35 axis conversion are- not affected to it and the 
conventional display is performed, the picture 
having the picture quality being distinctively 
excellent over the conventional picture with the 
reduced deterioration of quality caused by the 
40 intermixing of the aliasing distortion component 
can be displayed. 

In the situation where the picture signal pro- 
cessing of the present invention is applied to the 
colour picture signal, the frame memory required 
45 for the three-dimensional filtering at the receiving 
end can be simplified regarding the colour signal 
having a narrow frequency band, so that a 
capacity of the frame memory, which is so large 
as analogized from that required for processing 
so the monochrome picture signal, is not required, 
and, as a result, the receiving equipment can be 
simplified and economized worthily. 

On the other hand, in the situation where the 
picture signal processing of the present invention 
55 is applied to the interframe coding of the picture 
signal, the three-dimensional frequency band 
restriction is applied to the picture signal in 
response to the signal form thereof at the sending 
end before the interframe coding is effected, and, 
$0 as a result, it is possible also to reduce the 
amount of the interframe coded signal to be 
transmitted. Moreover, at the receiving end also, 
the frame memory required for forming the pre- 
dicted frame picture signal can be simultaneously 
65 used as the frame memory required for the three- 
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dimensional filtering according to the present 
invention, so that the required number of frame 
memories can be reduced, and, as a result, it is 
possible to display the reproduced picture having 
the distinctly improved quality with the compara- 
tively low cost circuit arrangement. 

In the situation where the picture signal pro- 
cessing according to the present Invention Is 
applied to the still picture broadcast also, the 
frame memory used for repeatedly reproducing 
and displaying the desired still picture at a 
measure of frame at the receiving end can be 
simultaneously used as the frame memory for 
effecting the three-dimensional filtering of the 
present invention, so that the still picture having 
the high quality distinctly improved by the picture 
signal processing of the present invention can be 
displayed without the accompanied increase of 
the cost, and, as a result, the remarkable effect for 
increasing the efficiency of utilization of the frame 
memory and for propagating the still picture 
broadcasting service can be obtained. 

In the situation where the picture signal pro- 
cessing according to the present invention is 
applied to the picture contour compensation, the 
conventional frequency region to be boosted for 
effecting the contour compensation of the vertical 
spatial frequency component stays within the 
lower frequency range, the peak of which is one- 
fourth of the number N of scanning lines, whilst, 
according to the simultaneous use of the picture 
signal processing of the present invention, it is 
possible to raise the boosted region of the con- 
tour compensation of vertical spatial frequency 
components close to N/2 regarding the picture in 
which the temporal motion is small, as well as the 
boosted frequency region close to N/4 similarly as 
the conventional region can be maintained 
regarding the picture in which the temporal 
motion is large. Consequently, the effect of the 
improvement of picture quality is remarkably 
Increased over the conventional effect, and fur- 
ther the extremely high quality picture can be 
displayed because of the removement of aliasing 
distortion components. 

In the situation where the picture signal pro- 
cessing according to the present invention is used 
together with the picture contour compensation, 
the picture contour compensation is affected on 
the temporal frequency components, so that the 
contour portion of the moving target is 
emphasized, and, as a result, the picture quality 
deteriorated by the ambiguity of the moving 
target, which is caused by the accumulation effect 
of the camera tube, can be remarkably corrected. 

In this connection, the picture contour compen- 
sation used together with the picture signal pro- 
cessing according to the present invention is 
sufficient to be effected only on the side of the 
camera in the picture signal transmission system, 
so that the contour compensation is not required 
to be individually carried out on each receiving 
sides thereof, and, as a result, the whole trans- 
mission system can be economically composed. 
However, in the situation where the three-dimen- 



sional restricted band filter is employed at the 
receiving end also, the above mentioned picture 
contour compensation used together with the 
picture signal processing according to the present 

5 invention can be individually effected on each 
receiving sides without the increased cost of the 
receiving equipment, so that the sending end can 
be conventionally composed, whilst the high 
quality picture can be displayed only by the 

10 picture signal processing at the receiving end. 

Nextly, an adaptive spatio-temporal filter which 
is used for the band restriction adaptive to the 
picture signal processing according to the present 
invention, particulariy, for var/ing the pass band 

1$ performance in response to the motion of the 
picture target, so as to reproduce the high quality 
picture signal adaptive to the performance of the 
picture signal will be explained hereinafter. 
The conventional television picture signal con- 

20 sists of a picture signal which is sampled in the 
vertical direction, that is, in the direction of the 
arrangement of scanning lines and in the tem- 
poral direction, that is, in the direction of field and 
frame directions by the 2:1 interiace scanning of 

26 525 scanning lines, field frequency SO .Hz and 
frame frequency 30 Hz. Accordingly, in the situa- 
tion where the above picture signal is expressed 
by the spectrum distribution in the two-dimen- 
sional coordinates along the vertical spatial fre- 

30 quency axis and the temporal frequency axis, the 
sampled picture signal, as well known, presents 
the spectrum distribution in which the base-band 
spectrum appears repeatedly on the above coor- 
dinates regarding the sampling frequency and 

35 harmonics thereof. 

In Rg. 31 which presents the frequency per- 
formance of the spatio-temporal band restriction 
filter of the above-mentioned kind, a point A 
shows a central frequency of an aliasing com- 

40 ponent region being the closest to the base band 
frequency region including the origin on the 
above coordinates among the sampling frequen- 
cies generated by the 2:1 interiace scanning. 
Accordingly, in the situation where the aliasing 

45 component region centered by the point A over- 
laps on the base band frequency region, the 
picture disturbances being peculiar to the inter- 
lace scanning picture, for instance, the interiine 
flicker are caused by the aliasing distortion, and, 

50 as a result, the picture quality is extremely 
deteriorated. 

For preventing the above mentioned picture 
disturbances, the disturbing spectrum com- 
ponent appearing in the above aliasing com- 

55 ponent region centered by the point A is conven- 
tionally removed through a spatio-temporal band 
restriction filter composed as shown in Fig. 32, as 
well as the 2:1 line-interiace scanning picture 
signal is converted to the sequential scanning 

60 picture signal of 60 frames per second according 
to the band restriction effect of the same filter. 

A pretty well improvement of the picture quality 
can be obtained according to the use of the above 
mentioned filter. However, the pass band per- 

65 forma nee of the spatio-temporal band restriction 
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filter composed as shown in Rg. 32 generally 
presents a fixed passing region, for instance, as 
shown by shading in Fig. 31. In this region, the 
most adaptive pass band performances, which 
are fit respectively to the still picture and the 
motional picture and therefore essentially differ- 
ent from each other, are blended with each other. 
So that, contrarily speaking, it is conventionally 
difficult that the most adaptive filter of this kind is 
realized either for the still picture or for the 
motional picture. 

The above mentioned defect of the conven- 
tional filter of this kind is based on the configura- 
tion and the performance thereof as follows. 

In the conventional spatio-temporal band 
restriction filter composed as shown in Fig. 32, a 
vertical spatial frequency high-pass filter (VHPF) 
92 and a vertical spatial frequency low-pass filter 
(VLPF) 93 are respectively composed such as one- 
line (1H) delays are combined as unit delaying 
elements, and the pass band performances of 
those filters 92, 93 are respectively varied by 
varying the rate of intermixing of the delay output 
signals derived from those unit delaying 
elements. For instance, as shown by arrow marks 
put on the shaded region in Fig. 31, regarding the 
overall pass band performance, the temporal 
frequency component and the vertical spatial 
frequency component are increased and 
decreased in the directions being opposite to 
each other. 

On the other hand, according to the investiga- 
tion of the base band spectrum distribution of the 
picture signal, regarding the still picture signal, 
the temporal frequency component does not 
exist, as well as the spectrum components appear 
along the vertical spatial frequency axis. So that, 
it is desirable for the band restriction filter that the 
pass band thereof is not restricted along the 
vertical spatial frequency axis, whilst it is 
restricted only along the temporal frequency axis. 
However, in contrast thereto, regarding the 
motional picture signal in which a rectangular 
target is moving in the right direction as shown by 
an arrow mark in Fig. 33(a), the discontinuity of 
picture caused by the ambiguity in the temporal 
frequency component appears along the picture 
contour consisting of vertical edges of the rect- 
angular target in the band restricted picture signal 
obtained through the temporal frequency band 
restriction filter, as shown in Fig. 33(b), so that the 
reproduced picture quality is excessively deterior- 
ated. On the other hand, the ambiguity in the 
vertical direction is caused along the picture 
contour consisting of horizontal edges of the 
rectangular target in the interpolated picture 
signal obtained through the vertical spatial fre- 
quency band restriction filter. However, this ambi- 
guity in the vertical direction Is less noticeable 
thaa the ambiguity caused by the temporal fre- 
quency band restriction filter. 

Accordingly, in the conventional spatio-tem- 
poral band restriction filter composed as shown 
in Fig. 32, with the intention of adapting to both of 
the still picture and the motional picture, the 



passing region is formed by the shaded region as 
shown in Fig. 31, which presents the pass band 
performance intermediating between the tem- 
poral frequency filter and the vertical spatial 
5 frequency filter. As a result, although a sub- 
stantially favourable band restriction filtering 
effect can be obtained regarding the ordinary 
picture signal such as derived from the ordinary 
television camera, this conventional spatio-tem- 
to poral filter has a serious defect that it cannot be 
regarded as a spatio-temporal band restriction 
filter presenting the most suitable pass band 
performance for all kinds of picture signals 
including the high quality television picture signal 
IS and electronically composed picture signal. 

According to the present invention, for remov- 
ing the above defects, an adaptive spatio-tem- 
poral filter which presents the most suitable pass 
band performance for both of the still picture and 
20 the motional picture, so as to facilitate the repro- 
duction of the picture signal having the high 
quality without any ambiguity of contour, can be 
provided. 

The feature of this adaptive spatio-temporal 
25 filter is that a controllable spatio-temporal fiiter is 
formed of a temporal frequency filter and a 
vertical spatial frequency fiiter for the band 
restriction in the scanning conversion between 
the sequential and the interiace scanning systems 
30 and the pass band performance thereof is con- 
trolled in relation to the motion of the picture in 
response to the result of detection of the inter- 
fi-ame higher frequency component and the hori- 
zontal and the vertical spatial frequency correla- 
35 tive components, so as to vary the pass band 
performance in response to the motion of the 
picture. 

The basic configuration of this adaptive spatio- 
temporal filter is shown in Hg. 34. In this basic 

40 configuration, an input is an interiace scanning 
picture signal, whilst an output is a sequential 
scanning picture signal. A vertical spatial fre- 
quency filter 95 consisting of a one-line delay and 
a temporal frequency filter 96 consisting of a field 

45 memory are applied with the input picture signal, 
whilst the output picture signals of those filters 
95, 96 are added to each other in an adder ADD15, 
so as to obtain the output sequential picture 
signal. . 

50 On the other 'hand, a filter control circuit 97 
controls the above mentioned filters 95 and 96 by 
applying thereto a filter coefficient control signal 
for varying the filter performance so as to be 
adapted to both of the still picture and the 

55 motional picture on the basis of the spatio- 
temporal picture information derived from the 
filters 95 and 96. In this connection with Fig. 34, 
single and double solid lines show the flow of 
information, whilst chain lines show the flow of 
60' coefficient control signal. 

A basic configuration of the above fiiter control 
circuit 97 is shown in Fig. 35. In this configuration, 
a time difference component detector 98 is used 
for detecting the temporal frequency variation of 
65 the picture signal. However, this detector 98 
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responds to the flickering picture signal also, so 
that it does not necessarily operate as a detector 
for detecting the motional picture signal. Accord- 
ingly, the contour ambiguity of vertical edges of 
the rectangular target picture signal derived from 
the spatio-temporal filter as shown in Fig. 33(b), 
that is, the picture height component of vertical 
spatial frequency 525/2 of the picture signal 
having 525 scanning lines is detected by a hori- 
zontal and vertical correlative component detec- 
tor 99, and further output signals detected there- 
from, that is, a time-difference component 
detected output signal and a horizontal and verti- 
cal correlative component detected output signal 
are applied to a motion discriminating processor 
102 respectively through weighting circuits 100 
and 101, so as to obtain a product therebetween 
as the aforesaid coefficient control signal which 
controls the filter coefficient on the basis of both 
of the picture motion and the contour ambiguity. 

An operational performance of the adaptive 
spatio-temporal filter basically composed as 
shown in Fig. 34 will be described by referring to 
Rgs. 36{a) to (c) hereinafter. 

In Figs. 36(a) to (c), shaded portions show the 
passing regions respectively and a notation "r\" 
represents a value of the coefficient control signal 
derived from the filter control circuit 97, which 
becomes larger together with the increase of the 
picture motion and the contour ambiguity as 
mentioned above. The filter performances in the 
situation where this value "n" is setup as ti=0, 
n=n« and n=nm are shown in Figs. 36(a) to (c) 
respectively. That shown in Fig. 36(a) represents 
the filter performance relating to the still picture, 
according to which the deterioration of the picture 
resolution in the vertical direction can be pre- 
vented. On the other hand, regarding the 
motional picture, as mentioned eariier by refer- 
ring to Rg. 33(b), the contour ambiguity of vertical 
edges of the rectangular target causes the 
deterioration of picture quality, so that, in com- 
pany with the increase of the value "t)" of the 
filter coefficient control signal, namely, the 
increase of the picture motion, the filter perfornri- 
ance is varied as shown in Fig. 36(b) and further in 
Rg. 36(c). According to the above variation of the 
filter performance, for instance, the above men- 
tioned contour ambiguity of the rectangular 
picture target moves from the vertical edges as 
shown in Rg. 33(b) to the horizontal edges as 
shown in Fig. 33(c). In addition, the contour 
ambiguity of the rectangular target is visually 
more noticeable on the horizontal edge thereof 
than on the vertical edge thereof, so that the 
deterioration of the picture quality, which is 
caused through the spatio-temporal filter, can be 
sufficiently removed by varying the filter perform- 
ance in response to the increase of the picture 
motion. 

Nextly, in the situation where the 2:1 interiace 
scanning picture signal of 60 fields per second is 
converted to the sequential scanning picture 
signal of 60 frames per second, an example of a 
detailed configuration of the adaptive spatio- 



temporal filter, which is composed on the basis of 
the basic configuration as shown in Fig. 34, is 
shown in Fig. 37(a), and the operation thereof will 
be described hereinafter by referring to Figs. 37(b) 

5 to (e). The configuration as shown in Fig. 37(a) is 
arranged by adding the filter control circuit 97 to 
the conventional configuration as shown in Fig. 
32, which corresponds to the upper half thereof, 
so as to obtain the filter performance adapted to 

10 the picture motion. In this situation, the vertical 
spatial frequency high-pass filter 92 and the verti- 
cal spatial frequency low-pass filter 93 are modi- 
fied such as the filtered output which is suitable 
for being supplied to the horizontal and vertical 

15 correlative component detector 99 consisting in 
the filter control circuit 97. In this connection, 
although the filter control circuit 97 is formed on 
the basis of the configuration as shown in Fig. 35, 
the time-difference component detector 98 con- 

20 sisting therein is formed such as an absolute 
value a' of a difference signal fa having two fields 
difference, that is, one frame difference between 
picture signals fi and is obtained through an 
absolutor 103, and thereafter is multiplied by a 

25 weighting coefficient "c" through a weighting 
circuit 100, as follows. 

a'=|f3|=|f2-fil 0) 
30 a=ca' (2) 

On the other hand, in the horizontal and vertical 
correlative component detector 99, the filter out- 
puts k|i, 12 are derived respectively from the 

35 vertical spatial frequency high-pass filter 92 and 
the vertical spatial frequency low-pass filter 93 are 
taken out as respective delayed outputs of 
respective stages of spatio-temporal transversal 
filter as mentioned later by referring to Figs, 39 

40 and 40, so as to form a correlative component 
between those delayed outputs. 

These respective delayed output signals k,,, 13 of 
respective stages of the spatio-temporal transver- 
sal filter consisting in those vertical spatial fre- 

45 quency high- and low-pass filters 92 and 93 
consist, as shown in Fig. 38(a), a picture signal 
components corresponding respectively to points 
as shown by minute circles on respective scan- 
ning lines of the filter output picture signal 

50 derived from those high- and low-pass filters 92 
and 93, which lines are shown respectively by 
dotted and solid lines, and these points are 
represented by a matrix as shown in Rg. 38(b). 
As mentioned above, the vertical spatial fre- 

55 quency high-pass filter (VHPF) 92 and the vertical 
spatial frequency low-pass filter (VLPF) 93 are, as 
shown in Figs. 39 and 40 respectively, formed of 
transversal filters in which each stage delayed 
signals derived from one-line delays 111-1 to 111- 

60 m are added to each other in an adder ADD20 
through n stage picture element interval t delays 
112-n to 112-1, a t, delays 113 and a coefficient (a) 
multiplier 114 or a coefficient (b) multiplier 115 
successively. In the horizontal and vertical 

65 correlative component detector, as shown in Fig. 
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41, each stage picture element interval t delayed 
signals k,,. ,2 derived respectively fronn the trans- 
versal filters forming respectively the vertical 
spatial frequency high- and low-pass filters 92 
and 93 are added to each other in an adder 118 
alternately through a coefficient (+1) multiplier 
116 and a coefficient (-1) multiplier 117, and 
further added output signals "v" derived there- 
from are applied to an adder ADD21 through an 
absolutor 119, so as to take out therefrom a 
horizontal and vertical correlative component 
"P"' as a compounded output signal. 

The delay 102' consisting in the filter control 
circuit 97 of the spatio-temporal filter as shown in 
Fig. 37(a) and the t, delays 113 consisting in the 
vertical spatial frequency high- and low-pass fil- 
ters 92 and 93 a shown respectively in Figs, 39 
and 40 are provided for applying to the picture 
signal with the delay time ti required for adjusting 
the timing between the picture signal and the 
coefficient control signal in each stages. 

In the horizontal and vertical correlative com- 
ponent detector 99 consisting in the filter control 
circuit 97 of the spatio-temporal filter as shown in 
Fig. 37(a), the correlative component "P"' is 
detected as the vertical contour ambiguity 
appearing, for instance, on the vertical edges of 
the rectangular picture target by applying the 
operational process based on the configuration as 
shown in Fig. 41 to the picture signal and further 
is presented by the following equations regarding 
the compounded output signals "v," of the each 
stage adders 11 8-i in the above mentioned hori- 
zontal and vertical correlative component detec- 
tor 99. 



n 

i=1 



Vr 



m 

2 {-1)'-'k, 
1=1 



(3) 



(4) 



The coefficient (+1) multiplier 116 and the 
coefficient (-1) multiplier 117 consisting in the 
horizontal and vertical correlative component 
detector 99 are provided for alternately reversing 
the polarity of the each stage delayed output 
picture signals. The resultant each stage delayed 
output picture signals ki. „ kg. u k^, i consisting 
in the compounded output signal "v," of the 
above alternately reversed polarity delayed 
picture signals represent detected points 
arranged on the picture as shown in Fig. 38(a) in 
the vertical direction thereof during two field 
intervals. So that, the each stage compounded 
output signals "v," of those alternately reversed 
polarity delayed picture signals derived from the 
coefficient (+1) and the coefficient (-1) multi- 
pliers 116 and 117 in the configuration as shown 
in Fig, 41 become correlative components con- 
sisting of vertical spatial frequency components 
525/2 (cycle/picture height). On the other hand, 
regarding the contour ambiguity of vertical edges 



of the rectangular picture target as shown in Fig. 
33(b), the vertical spatial frequency component 
525/2 (cycle/picture height) is dominant, so that 
above compounded output signal "v," presents a 

s large value. In this connection, this compounded 
output signal "v," obtained with respect to plural 
detected points in the horizontal direction as 
shown in Fig. 41 and further the correlative 
component "P"' consisting of the compounded 

ro output signal thereof are required for detecting 
the picture motion in the horizontal direction of 
the picture, and further the region of the contour 
ambiguity of vertical edges is enlarged in com- 
pany with the increase of speed of the picture 

IS motion, so that the correlative component "P"' 
consisting of the sum total of the absolute values 
I v, I of the compounded output signal "v," 
presents a large value also. 
An input signal Y of a control signal processing 

20 circuit 104 consisting in the filter control circuit 97 
in the configuration as shown In Fig. 37(a) is 
expressed on the basis of the above equations (2> 
and (3) as follows. 



25 



30 



Y=ap 
a=ca' 
p=d . p' 



(5) 



(6) 



In this connection, the coefficient "d" in the 
equation (6) is a weighting coefficient for the 
horizontal and vertical correlative component 
"P", so as to effect the weighting by a coefficient 
35 multiplier 101. 

On the other hand, it is probable in the motional 
' picture having a quick motion that the control 
signal "y" does not appear within the time dura- 
tion 2t"+t' corresponding to the region of 
40 picture motion, as sliown in Fig. 37(b), and, as a 
result, the conventional deterioration of the 
picture quality may be caused by the temporal 
frequency component filtering. That is, as shown 
in Fig. 37(b), the control signal "y" which appears 
45 as the interframe difference component, is 
generated, for instance, as the difference com- 
ponent between the first and the third fields. 
Accordingly, when the motion of the picture 
target is extremely quick, the interframe differ- 
so ence signal is generated during the interval t" as 
shown in Fig. 37(b) corresponding to the region of 
the picture motion, whilst the signal level of the 
control signal "y" becomes zero during the inter- 
val T* corresponding to the second field. The 
55 control signal processor 104 consisting in the 
filter control circuit 97 in the configuration of the 
spatio-temporal filter as shown in Fig. 37(a) is 
provided for generating the control signal 'Y' 
during the above interval t' also, and can be 
60 composed of the low-pass filter 106, as shown in 
Fig. 37(c). The impulse response in the situation 
where the interframe difference signal 'Y' having 
the signal waveform as shown in Rg. 37(b) is 
applied to the low-pass filter having the above 
65 mentioned impulse response length disappears 
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during the interval t' as mentioned above by 
referring to Fig, 37(b) on the basis of the annbi- 
guity of the wavefomn as shown in Fig. 37(c). 

In this connection, the above shown Impulse 
response length t' is the maximum value worthy 
to be compensated by the configuration as shown 
in Fig. 37(d). 

However, in the situation where the control 
signal processor 104 is compared of the simple 
low-pass filter 106 as shown in Fig. 37(c), and 
further the time delay caused by the filtering of 
the coefficient control signal consisting of the 
filter output thereof Is compensated, the 
coefficient control signal has a defect that exces- 
sive time durations t'" appears before and after 
the waveform of the interframe difference signal 
as shown in Fig. 37(b). An example of the con- 
figuration of the control signal processor 104 
arranged such as this defect is removed, and, as a 
result, the coefficient control signal can be 
obtained throughout the time duration corre- 
sponding to the interframe difference signal 'Y' 
as shown in Fig. 37(b) is shown in Fig. 37(e), and 
further various operational waveforms (a) to (g) 
thereof as shown In Fig. 37(e). In this configura- 
tion, a filter output signal (c) having the waveform 
(c) which is derived from a low-pass filter applied 
with the input interframe difference signal 'Y'» a 
delayed output signal (a) having the waveform (a) 
which is derived from a delay 107-1 applied with 
the input interframe difference signal "y" also for 
compensating the timing between this signal "y" 
and the filter output signal (c), and a delayed 
output signal (b) having the waveform (b) which 
is derived from another delay 107-2 corre- 
sponding to the delay 107-1 for delaying the filter 
output signal (c) are applied to a NAM circuit 108 
for effecting the non-additive mixing of those 
signals (a), (b) and (c), so as to obtain a mixed 
output signal (e) having the waveform (e). This 
mixed output signal (e) and an added output 
signal (d) having the waveform (d) which is 
derived from an adder ADD9 applied with the 
delayed output signal (b) are applied to the 
subtracter SUB13, so as to obtain a subtracted 
output signal (f) having the waveform (f). This 
subtracted output signal (f) is applied to an 
underflow circuit 110 for deriving therefrom a 
zero output signal in response to a negative input 
signal, as well as for deriving therefrom a positive 
input signal as it is. An output signal of this 
underflow circuit 110 and the above mentioned 
delayed output signal (a) are applied to another 
NAM circuit 109, so as to obtain a processed 
output control signal "y" having an appropriate 
waveform (g) such as a positive output signal 
level can be obtained also during the zero level 
interval t' of the input interframe difference signal 
'Y' and further any excessive positive output 
signal is^not generated in a motional and a still 
picture regions appearing respectively before and 
after this zero level interval t'. In this connection, 
the delay time of the delays 107-1 and 107-2 is 
setup equal to the impulse response length of the 
low-pass filter 106. 



Nextly, an Input to output performance of the 
coefficient control signal "ri" derived from a 
decision control circuit 105 applied with the above 
processed output control signal "y" becomes as 

5 shown in Fig. 42. In Fig. 42, the output coefficient 
control signal "x\" becomes dispersive values 
such as nm In response to the level 

variation of the input processed control signal "y" 
such as Y„ Y2, Ym respectively, and, as a result, 

10 varies the coefficients a, and bj to be multiplied to 
the each stage delayed picture signals in the 
coefficient multiples 114, and 115t consisting 
respectively in the vertical spatial frequency high- 
pass filter (VHPF) and the vertical spatial fre- 

15 quency low-pass filter (VLPF) as shown in Figs. 39 
and 40 respectively. In this connection, although 
the coefficient control signal "r^" can be generally 
setup as continuous values, it is preferable for 
forming a hardware thereof that this signal "n" is 

20 setup as dispersive values, because it is not so 
effective to setup this signal "n" as continuous 
values. Furthermore, the input to output perform- 
ance as shown in Fig, 42 can be easily realized by 
employing a comparator, whilst the relation 

25 between this coefficient control signal "t\" and 
the variation of the spatio-temporal filter can be 
setup as shown in Rgs. 36(a) to (c). That is, when 
n=0, the filter performance is required for the still 
picture signal, so that the spatio-temporal filter 

30 should be formed as a temporal filter consisting 
of field memories only, whilst, when ti>0, the 
filter performance is varied such as shown in Fig. 
36(b) or (c), and, as a result, various parameters of 
the filter controrcircuit 97 are setup such as the 

35 picture quality deterioration is removed by 
matching the picture contour ambiguity as shown 
in Fig. 33(b) or (c) with the visual performance. On 
the other hand, regarding the filter performance 
as shown in Fig. 36(a), the vertical spatial fre- 

40 quency high-pass filter (VHPF) 92 Is modified as 
wholethrough as well as the coefficient b, of the 
vertical spatial frequency low-pass filter (VLPF) 93 
is setup as b,=0, whilst, regarding the filter 
performance as shown in Fig. 36(c), the 

45 coefficient a, of the vertical spatial frequency 
high-pass filter (VHPF) 92 is setup as a,=0. Under 
these modifications, the vertical spatial frequency 
high-pass filter (VHPF) 92 and the vertical spatial 
frequency low-pass filter (VLPF) 93 are operated 

so respectively as a temporal filter and a vertical 
spatial filter. 

In the above explanation, the situation where 
the 2:1 line-interiace scanning picture signal is 
converted to the sequential scanning picture 

55 signal is exemplified. However, the configura- 
tions as shown in Figs. 34, 35 and 37(a) can be 
expandedly applied to the situation when the 
multi-ratio interiace scanning picture signal is 
converted to the sequential scanning picture 

60 signal. In addition, in the situation where the 
three-dimensional pre-filter required for the 
spatio-temporal sampling is provided at the send- 
ing end, the receiver for receiving the high quality 
television picture signal which is affected with the 

65 sequential scanning picture processing and the 
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interlace scanning transmission is provided with 
the above mentioned adaptive spatio-temporal 
filter, an extremely remarkable effect can be 
expected. 

As is apparent from the above descnption, 
according to the present invention, an adaptive 
spatio-temporal filter presenting a spatio-tenri- 
poral filter performance adapted to both of a still 
and a motional pictures can be provided as a 
spatio-temporal filter used for converting an inter- 
lace scanning picture signal to a sequential scan- 
ning picture signal, and, as a result, the sequential 
scanning still picture signal can be reproduced 
without the accompanied contour ambiguity. 
That is, the filter performance of this spatio- 
temporal filter is controlled in response to the 
result of the detection of all of time-difference 
components and horizontal and vertical correla- 
tive components of the picture signal, so that the 
most preferable spatio-temporal effect can be 
obtained regardless of the difference between the 
still and the motional pictures as well as regard- 
less of the magnitude of the picture motion, and 
the most suitable filter performance adapted to 
the picture performance can be realized as occa- 
sion demands, and further the configuration of 
the spatio-temporal filter can be simplified. 

Nextiy, the improvement of the performance of 
the above mentioned adaptive spatio-temporal 
filter for interpolating the sequential scanning 
picture signal converted from the interlace scan- 
ning picture signal in response to the picture 
motion, particularly for removing the influence of 
the spurious signal component and the noise 
component generated in company of the scan- 
ning conversion and further for facilitating the 
reproduction of the high quality sequential scan- 
ning picture signal with the simplified configura- 
tion will be described hereinafter. 

In the configuration of the spatio-temporal filter 
as shown in Fig. 43, no more than the detection of 
the information regarding the picture motion and 
the interpolation of the interframe difference 
signal component is performed without any 
countermeasure to meet various undesired injuri- 
ous signal components, for instance, the noise 
component originally residing in the picture 
signal, the noise intermixed through the trans- 
mission line, the spurious signal component 
generated in the still picture region by the dissolv- 
ing and the interframe difference signal com- 
ponent generated in the still picture region by the 
jitter accompanied with the phase shift of the 
sampling clock signals between the sending and 
the receiving ends. So that, the above shown 
configuration of the spatio-temporal filter has a 
defect that an undesired variation of the filter 
performance is caused by the application of the 
picture signal containing those Injurious signal 
components, and, as a result, an erroneous oper- 
ation based on a kind of mode convereion is 
carried out. Accordingly, an adaptive spatio-tem- 
poral filter provided with an improved filter con- 
trol signal processor, such as the desired filter 
performance can be maintained against the 
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application of the picture signal containing those 
injurious signal components, so as to remove the 
above mentioned defect, is conceived. This con- 
ceived adaptive spatio-temporal filter, which is 
5 used for the signal band restriction and the 
interpolation required for the scanning conver- 
sion between the interiace scanning and the 
sequential scanning of the picture signal under 
the control of the filter pass band performance in 
70 response to the picture motion, is featured in that 
the above mentioned various noises and the 
spurious components consisting of the erroneous 
interframe difference signals in response to the 
picture motion are removed by referring to the 
;5 threshold which is setup in response to the 
detection of the noise component and the two- 
dimensional spatial high frequency component of 
the picture signal. 

In the adaptive spatio-temporal filter as above 
20 shown in Fig. 43, a frame difference picture signal 
is derived from a subtracter SUB14, and an 
absolute value p thereof obtained through an 
absolutor 124 is interpolated by the control signal 
processor 125, so as to form a control signal Yr 
25 which is converted to a filter coefficient n through 
a decision control circuit 126. Under the control of 
this filter coefficient r\, the filter performances of a 
vertical spatial frequency high-pass filter 122 
applied with the averaged one-frame difference 
30 picture signal derived from an adder ADD22 and a 
vertical spatial frequency low-pass filter 123 
applied with a one-field delayed picture signal 
corresponding to a temporal intermediate value 
of the picture signal. 
35 The cause of the occurrence of erroneous oper- 
ation in the operational mode changing in 
response to the above variation of the filter 
performance can be considered to be the exist- 
ence of the following undesired signal com- 
40 ponents as mentioned eariler. 

(1) The spurious interframe difference signal 
component generated in the still picture region by 
the jitter based on the phase shift of the sampling 
clock signals between the sending and the receiv- 
es ing ends of the transmission. 

(2) The spurious interframe difference signal 
component generated in the still picture region on 
the picture switching by dissolving. 

(3) The noise component intermixed through 
so the transmission line. 

The noise component originally residing in the 
picture signal. 

Against the above, in an improved adaptive 
spatio-temporal filter according to a configuration 

55 as shown in Fig. 44, the spurious interframe 
difference signal components as mentioned in the 
items (1) and (2) are removed by discriminating 
the absolute value p of the interframe difference 
signal component by referring to a threshold 

60 setup in response to the detected two-dimen- 
sional spatial higher frequency range component, 
whilst the noise components as mentioned in the 
above items (3) and (4) are removed by dis- 
criminating the same absolute value P by refer- 

65 ring to another threshold setup in response to the 
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detected noise level during the vertical syn- 
chronizing signal interval. 

Further speaking in detail, in the configuration 
as shown in Fig. 44, the threshold referred to for 
discriminating and rennoving low amplitude 
noises in a corer 128 is varied in response to the 
two-dimensional spatial higher frequency range 
component detected by a two-dimensional high 
frequency component detector 127 as mentioned 
later by referring to Fig. 47, and, as a result, the 
low level signal component forming minute com- 
ponents of the absolute value p of the interframe 
difference signal component. On the other hand, 
the threshold referred to for discriminating and 
removing low amplitude noises in another corer 
129 is varied in response to the noise level during 
the vertical synchronizing signal interval, which 
level is integrated and maintained in a noise 
separator 131 as mentioned later by referring to 
Rg. 52, and, as a result, the low level noise 
component forming minute component of the 
absolute value p of the interframe difference 
signal component Furthermore, a decision con- 
trol circuit 132 applied with the output signal of 
the corer 129 through an elimination circuit 130 of 
independent points and a control signal pro- 
cessor is controlled In response to the above 
integrated noise level, and, as a result, the spatio- 
temporal filter coefficient generated in the 
decision control circuit 132 is varied for adjusting 
the coefficient conversion performance. 

Nextly, prior to the detailed description of 
respective elements of the above configuration as 
shown in Fig. 44, the procedure of occurrence of 
the jitter caused at the horizontal edges of the 
picture target, which is based on the sampling 
clock signal as mentioned in the above item (1), 
will be described by referring to Fig. 45. 

Points ai, aa, 83 on a signal waveform of the 
horizontal edge of the picture target as shown a 
dotted line in Fig. 45 are sampling points, the time 
duration T between those sampling points ai and 
B2 representing the sampling interval and the 
deviation AT thereof representing the equivalent 
jitter of the sampling interval T which appears 
during the frame interval. In this connection, 
those sampling points a„ ag, 83 represent the 
sampled levels of the present picture frarne and 
the other sampling points bv bj, which are 
apart therefrom respectively by an amount AT of 
the jitter, represent the sampled levels of the 
immediately succeeding picture frame. Accord- 
ingly, the level difference Aya between the sam- 
pling points ai and bt corresponds to the spurious 
interframe difference signal component genera- 
ted by the jitter. On the other hand, the level 
difference Ayg between the sampling points a^ 
and aa has the following relation to the spurious 
interframe difference signal component Aya- 

I Ay3 I » I Aya 1 (7) 

where Ay3=a2-ai, Ay2=b,-ai 

That is, under the assumption of a coefficient 
k2«1, 
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I Aya |=ka I Ay3 | 

On the other hand, under the assumption that 
an absolute level of the proper interframe differ- 
5 ence signal component appearing when the 
above shown contour moves in the horizontal 
direction is 1 Ay4 1, 

I Ay4 1=1 Ay3 | (8) 

JO 

Accordingly, a threshold level A used for the 
coring, by which the low level spurious interframe 
difference signal component is removed from the 
proper interframe difference signal component, 
15 can be setup sufficiently high, and, as a result, can 
be setup as follows. 

I Aya I <A< | Aya | (9) 

20 In the situation where the coring is carried out 
by using the threshold level setup by the above 
inequality (9), the spurious interframe signal com- 
ponent based on the jitter can be sufficiently 
removed. Further, in the situation where an 

25 erroneous operation is effected in the picture 
motion detection based on the interframe differ- 
ence signal, a dual picture caused by the shift as 
shown in Fig. 46(b) appears generally in the 
rectangular picture target as shown in Fig. 46(a). 

30 However, in the situation where the threshold 
level is appropriately setup in response to the 
absolute level of the higher frequency component 
in the horizontal direction at the picture contour 
as mentioned above, and, as a result, the coring 

35 of the interframe difference signal component can 
be appropriately effected, the above mentioned 
dual picture does not appear at all, as well as the 
erroneous operation based on the spurious inter- 
frame difference signal component is not effected 

40 at all. Consequently, the most appropriate 
reproduction of the picture signal can be per- 
formed. 

An example of a detailed configuration of the 
two-dimensional spatial high frequency com- 

45 ponent detector 127, in which the absolute level 
of the horizontal spatial higher frequency com- 
ponent is detected, is shown in Fig. 47 in relation 
to the configuration as shown in Fig. 44. 

In this detailed configuration, the horizontal 

so spatial high frequency component is detected 
through a horizontal spatial high frequency com- 
ponent detector 133, the detected output thereof 
being applied to an absolutor 135-1 so as to 
derive an absolute level of the high frequency 

55 component therefrom. This high frequency com- 
ponent absolute level is applied to a horizontal 
spatial frequency low-pass filter 136, so as to 
expand the control time duration, during which 
the coring of the interframe difference signal 

60 component is effected, on the basis of this high 
frequency component absolute level. 

An example of the impulse response of the 
horizontal spatial frequency low-pass filter 136 is 
shown in Fig. 48. According to this exemplified 

65 impulse response, when an impulse having an 
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amplitude, for instance, of "1" is applied to the 
horizontal spatial frequency low-pass filter 136, 
two impulses having an amplitude "i" respec- 
tively appear at the output thereof apart from 
each other by the interval T relating the cutoff 
frequency of the digital filter 136. So that, it is 
possible by setting up this interval T as equal to 
the sampling interval to expand the control time 
duration required for the coring to one sampling 
interval. 

An example of the operational effect of the 
coring, which is applied to the interframe differ- 
ence signal component on the basis of the hori- 
zontal spatial frequency component derived from 
the horizontal spatial frequency low-pass filter 
136 as mentioned above, will be described by 
referring to Figs. 49(a) to (e). 

Regarding the picture signal having a signal 
waveform as shown by a solid line in Fig. 49(a), 
another picture signal formed under the con- 
sideration of the phase jitter of the sampling clock 
signal as mentioned above can be shown by 
another waveform as shown by a dotted or a 
chain line. In the situation where a picture signal 
is sampled by the clock signal having the phase 
jitter, the absolute spurious interframe difference 
signal component generated from the picture 
signal as shown by the dotted line becomes as 
shown in Fig. 49(b), whilst the absolute spurious 
interframe difference signal component genera- 
ted from the picture signal as shown by the chain 
line becomes as shown in Rg. 49(c). So that, the 
coring control can be effected only with respect to 
the each sampling points. 

On the other hand, the higher frequency range 
component of the original picture signal as shown 
by the solid line can be obtained as differential 
signals as shown in Fig. 49(d), which can be 
obtained only at clocks t^t,, tj. So that, those 
differential outputs become zero at the control 
clocks ta and t*. Consequently, the normal coring 
control signal cannot be obtained only on the 
basis of those differential output signals, because 
of the shift of the control clocks. For removing this 
shift of the control clocks, similarly as mentioned 
above, absolute signals of those differential out- 
puts are applied to the horizontal spatial fre- 
quency low-pass filter, so as to obtain sub- 
stantially equivalent differential output signals as 
shown in Fig, 49(d). 

On the other hand, the deterioration of the 
picture quality such as the ambiguity of the 
vertical edges based on the spurious interframe 
difference signal component, which is generated, 
as mentioned in the aforesaid item (2), in the still 
picture region in company with the switching of 
the picture by dissolving, appears noticeably 
regarding the picture signals having the high level 
component in the vertical spatial high frequency 
region. However, in the situation where the 
switching of the picture signals by dissolving is 
extremely speedily carried out, the deterioration 
of the picture quality, which is caused by the 
spurious interframe difference picture com- 
ponent, is substantially difficult to be visually 
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noticed. So that, the spurious interframe differ- 
ence signal component of this kind is not sub- 
stantially an obstacle. On the contrary, in the 
situation where the switching of the picture signal 

5 is slowly carried out, the level of the spurious 
interframe difference signal component is low, so 
that the operational mode of the interpolation 
filter is not changed by the influence thereof. 
Further, in the situation where the switching of 

10 the picture signal is carried out at an intermediate 
speed and the deterioration of the picture quality 
which is caused by dissolving, is noticeable, the 
level Ays of the spurious interframe difference 
signal component and the level Aye of the vertical 

IS spatial high frequency picture signal component 
at the time point concerned have the following 
relation therebetween. 

|AyB|«| Ayel (10) 

20 

• So that, when the threshold level used for the 
coring effected on the interframe difference signal 
component is denoted by A and the interframe 
difference signal component of the motional 
25 picture signal is denoted by Ayy, the following 
relation can be setup. 

I Ay5l<A<| Ay6| = |Ay7l (11) 

30 In this situation, it is possible to remove the 
spurious interframe difference signal component 
and further to detect the motion of the picture. 

In the detailed configuration of the two-dimen- 
sional spatial high frequency component detector 

35 as shown in Rg. 47, the vertical spatial high 
frequency component detector 134 is provided for 
detecting the vertical spatial high frequency com- 
ponent at vertical picture contour and applying 
the detected output to the absolutor 135-2 so as to 

40 derive the absolute value thereof. On the other 
hand, the picture quality deterioration caused by 
the ambiguity in the vertical direction based on 
the spurious interframe difference signal com- 
ponent generated by dissolving is given with the 

45 extent affected thereby according to the temporal 
length of the impulse response to the vertical 
spatial frequency high-pass filter 122 and the 
vertical spatial frequency low-pass filter 123 con- 
sisting in the spatio-temporal filter composed as 
so shown in Fig. 43. So that, it is required to extend 
the region of generation of the control signal 
therefor through the vertical spatial frequency 
low-pass filter 137 consisting in the two-dimen- 
sional spatial high frequency component detector 
66 127 composed as shown in Fig. 47, in addition, 
among the various picture quality deteriorations 
caused by the erroneous operation of the picture 
motion detection based on the interframe differ- 
ence signal component, the effect of the picture 
$0 quality deterioration based on the dual image 
disturbance as shown in Figs. 46(a) and (b) is the 
greatest. So that, the horizontal spatial interframe 
difference signal component should be preferen- 
tially operated as the control signal used for the 
65 coring applied to the interframe difference signal 
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component. Further, the selection and precedence 
circuit 138 consisting in the two-dimensional spa- 
tial high frequency component detector 127 com- 
posed as shown in Fig. 47 is provided for prece- 
dently outputting the horizontal direction control 
signal Xa derived from the horizontal spatial fre- 
quency low-pass filter 136 prior to the vertical 
direction control signal ya derived from the vertical 
spatial frequency low-pass filter 137, and for 
selecting the horizontal direction control signal Xa 
as the output signal Xi derived therefrom regard- 
less of the extent of the vertical direction control 
signal ya, when the following relation is obtained 
with respect to a constant value d,, 

xa^d, (12) 

as well as for selecting the vertical direction 
control signal ya as the output signal Xi derived 
therefrom, when the following relation is 
obtained. 

X2<di, y2>X2 (13) 

In this connection, the corers 128 and 129 
consisting in the configuration as shown in Fig. 44 
have the input to output performance as shown in 
Rg, 50, according to which the input level A 
effecting as the threshold for discriminating and 
removing the low level component as shown in 
Fig. 50 is used as the coring level. 

In addition, the characteristic curve presenting 
the relation between the coring control signal x 
and the coring level A in the corers 128, 1 29 having 
the above inputto output performance is shown in 
Rg. 51. Regarding this characteristic curve, the 
coring level A, represents the lowest one. In this 
connection, the coring control performances differ 
from each other between the corers 128 and 129 
similarly as shown in Fig. 51. 

Nextly, an example of the detailed configuration 
of the noise separator 131 consisting in the 
configuration as shown in Fig. 44 is shown In Fig. 
52. In this configuration, the noise level of the 
picture signal during the vertical synchronizing 
signal interval is extracted through the gate circuit 
139 gated by the vertical synchronizing signal, and 
then applied to the hold circuit 141 controlled by 
the vertical synchronizing signal through the low- 
pass filter 140, so as to obtain the noise separated 
output Xg by maintaining the above noise level 
during one-field interval. In this connection, in the 
situation where the noise level of the original 
picture signal obtained at the sending end is 
already high, it is preferable to process the picture 
signal to be transmitted at the sending end as 
follows. 

That is, a sinusoidal wave signal having a single 
frequency, which can be easily and securely 
discriminated as the noise component through the 
above mentioned noise separator 131 at the 
receiving end, is rather positively superposed at 
the vertical synchronizing signal interval of the 
picture signal with an extremely low detectable 
level thereof, so as to securely operate the noise 



separator 131 at the receiving end such as the 
influence of the original noise component con- 
tained in the picture signal can be securely 
removed together with the influence of the noise 
5 component intermixed through the transmission 
line. 

The output signal Xg of the hold circuit 141 
consisting in the configuration as shown in Fig. 52 
is applied to the corer 129 and the decision control 

10 circuit 132 consisting in the configuration as 
shown in Fig. 44. In the corer 129, the coring 
threshold level control performance as shown In 
Rg. 51, particulariy, the lowest coring level Ai 
thereof is appropriately setup under the control of 

15 the output signal Xg of the noise separator 1 31 such 
as the noise component is removed from the 
incoming interframe difference signal component, 
so as to prevent any obstruction caused in the 
picture motion discrimination effected for decid- 

20 ing the interpolation filtering performance. 

However, in the situation where the noise level 
of the incoming Interframe difference signal com- 
ponent, and, as a result, the coring threshold level 
cannot help being setup also high so as to remove 

25 the high level noise component, the low level 
component of the normal Interframe difference 
signal component is removed together with the 
noise component under the possibility that the 
most distinctive dual image disturbance appears. 

30 So that, it is required for preparing for this 
situation in the decision control circuit 132 that the 
interpolation filtering performance Is converted 
from the still picture mode to the motional picture 
mode under the control of the output signal X3 of 

35 the noise separator 131. Furthermore, in this 
situation where the noise level is high in the whole 
picture signal, the still picture mode of the interpo- 
lation filtering performance. In which the repro- 
duction of the highest frequency component in the 

40 still picture region is facilitated, cannot present the 
effect thereof because of the masking effect of the 
noise component of the original picture signal, so 
that the still picture mode itself is nonsense. 
On the other hand, the decision control circuit 

45 132 consisting in the configuration as shown in 
Fig. 44 Is provided for carrying out the similar 
operation as that of the decision control circuit 126 
consisting in the adaptive spatio-temporal filter as 
shown in Fig. 43, such as the filtering performan- 

50 ces of the vertical spatial frequency high-pass filter 
122 and the vertical spatial frequency low-pass 
filter 123 are respectively decided on the basis of 
the filter coefficient control signal "n" as the 
output signal. However, the input to output per- 

55 formance thereof between the Input process con- 
trol signal "y" and the output filter coefficient 
control signal "ri" is setup such as the following 
amount is used as the input signal in the input 
to output performance as shown in Fig. 53. 
60 That Is, the amount has the following 
relation in which the influence of the noise separa- 
tion output signal x, is added to the input process 
control signal "y" and a constant is employed. 

55 
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^On the contrary, in the input to output perfornri- 
ance according to the configuration as shown in 
Fig. 43, the output signal "n" is setup to amount 
to dispersive values tii, n2/ • r nm response to 
the variation of the input signal "y" such as Yi» Ya* 

As a result, in the situation where the noise 
level of the interframe difference signal com- 
ponent becomes high and then the noise separa- 
tion output signal Xg becomes large, the filter 
coefficient control signal "r\" does not amount to 
n=0 corresponding to the still picture mode 
regardless of the value of the process control 
signal "y". so that it is not at ail in danger of the 
occurrence of the dual image disturbance as 
mentioned above. 

As is apparent from the described above, 
according to the above improved adaptive spatio- 
temporal filter of the present invention, the 
erroneous operation of the adaptation control of 
the interpolation filtering performance, which is 
caused by the influence of the spurious inter- 
frame difference signal component generated on 
the basis of the jitter based on the phase shift of 
the sampling clock signal and the synchronizing 
signal, the spurious interframe difference signal 
generated on the switching of picture signals by 
dissolving and the noise contained in the original 
picture signal or intermixed therein through the 
transmission line, can be sufficiently prevented, 
so that it is possible to reproduce the high quality 
sequential scanning picture signal on the conver- 
sion between the interiace scanning system and 
the sequential scanning system with the use of 
the simplified spatio-temporal filter. 

Consequently, according to the above 
improved adaptive spatio-temporal filter, it is 
possible that the high quality sequential scanning 
picture signal is reproduced in the ordinary 
domestic receiver provided for receiving the stan- 
dard system television broadcast, and it is poss- 
ible also that the receiving system is employed for 
the high quality television broadcast receiving 
system, and further various distinctive effects can 
be obtained by applying the above improved 
spatio-temporal filter to the various picture signal 
processing, for instance, the television system 
conversion. 

Claims 

1. A picture signal processing system, in which 
a sequential scanning wideband picture signal is 
converted into an interiace scanning narrowband 
picture signal and reconverted into substantially 
its original state after transmission through a 
narrowband transmission line, comprising at a 
sending end: 

a picture signal generating means (1) for 
generating said sequential scanning wideband 
picture signal, 

a multidimensional spatio-temporal pre-filter- 
ing means (2) for filtering aliasing signal com- 
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ponents caused in said picture signal by sampling 
required for scanning conversion to provide a 
filtered picture signal, 
a subsampling means (3) for sampling said 
5 filtered picture signal, so as to convert said 
sequential scanning wideband picture signal into 
an interiace scanning wideband picture signal, 

a time axis converting means (4) for expanding 
the time axis of said interiace scanning wideband 
70 picture signal, so as to convert said interiace 
scanning wideband picture signal into said inter- 
lace scanning narrowband picture signal, and 

a modulating means (5) for modulating a carrier 
signal by said interiace scanning narrowband 
rs picture signal; and comprising at a receiving end: 
a demodulating means (6) for demodulating the 
modulated carrier signal, so as to restore said 
interiace scanning narrowband picture signal, 
a time axis reconverting means (7a} for com- 
20 pressing the time axis of said restored interiace 
scanning narrowband picture signal, so as to 
convert said restored interiace scanning 
narrowband picture signal into an intermittent 
quasi-wideband picture signal, 
25 a multidimensional spatio-temporal interpola- 
tion filtering means {7b) for filtering aliasing 
signal components in said picture signal caused 
by resampling required for scanning reconver- 
sion and for interpolating said intermittent quasi- 
30 wideband picture signal so as to substantially 
restore said sequential scanning wideband 
picture signal, and 

a display means (8) for displaying the sub- 
stantially restored sequential scanning wideband 
35 picture signal, 

wherein both of said spatio-temporal prefilter- 
ing means (2) and said spatio-temporal interpola- 
tion filtering means (7b) have a passing region 
substantially restricted to a lower frequency 
40 region on at least a coordinate plane extending 
along a vertical spatial frequency axis (fv) and a 
temporal frequency axis (ft) of multidimensional 
coordinates consisting of a horizontal spatial fre- 
quency axis (fh), a vertical spatial frequency axis 
45 (fv) and a temporal frequency axis (ft), provided 
for defining said picture signal, which lower 
frequency region includes an origin (O) of said 
multidimensional coordinates and is separated 
from a higher frequency region, in which said 
so aliasing signal components appear, by a sym- 
metrical line intercrossing both the vertical spatial 
frequency axis (fv) and the temporal frequency 
axis (ft) and equally distant from both said origin 
(O) and an imaginary origin (Os) corresponding to 
55 a sampling frequency employed for the sampling 
of said picture signal, 

wherein said spatio-temporal prefiltering 
means (2) is constructed to have a transfer func- 
tion in a comparatively higher frequency region 
60 which is larger than that in a comparatively lower 
frequency region so as to increase a signal com- 
ponent existing in said* comparatively higher fre- 
quency region, and 
wherein said picture signal processing system 
65 further comprises means for detecting picture 
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motion of said picture signal to be converted at 
least from an interframe difference picture signal 
component of said picture signal and means (97) 
for adaptively controlling said passing region of 
the spatio-temporal prefiltering means (2) in 
response to the extent, of the detected picture 
motion, so as to substantially continuously 
increase an equivalent ratio of said passing region 
between the temporal frequency axis (ft) and the 
vertical spatial frequency axis (fv) in response to 
an increase of said extent of the detected picture 
motion. 

2. A picture signal processing system as claimed 
in claim 1, wherein both said spatio-temporal 
prefiltering means (2) and said spatio-temporal 
interpolation filtering means {7b) consist of a 
combination of at least one vertical spatial fre- 
quency lowpass filter (25; 30, 31) and at least one 
temporal frequency lowpass filter (24; 28, 29) 
which lowpass filters have cutoff frequencies 
corresponding to respective coordinate points 
residing in the vicinity of said symmetrical line. 

3. A picture signal processing system as claimed 
in claim 2, wherein said vertical spatial frequency 
lowpass filter and said temporal frequency low- 
pass filter are transversal filters formed of a series 
connection of a plurality of delay elements (34) 
consisting of one-line memories and one-frame 
memories, respectively, which are individually 
weighted (35) to produce a filtered output (36). 

4. A picture signal processing system as claimed 
in any one of claims 1 to 3, wherein said means for 
detecting (98, 99) detects at least said interframe 
difference picture signal component and a correla- 
tive component between the horizontal and the 
vertical spatial frequency axes and said means (97) 
for adaptively controlling produces a control 
signal formed in response to said extent of the 
detected picture motion for controlling said pass- 
ing region. 

5. A picture signal processing system as claimed 
in any one of claims 1 to 4, further including means 
for detecting at least a two-dimensional spatial 
high frequency picture signal component and a 
noise component of the picture signal and means 
for removing a spurious interframe difference 
picture signal component contained in said inter- 
frame difference picture signal component and 
said noise component in response to threshold 
levels which are respectively set in response to 
those detected components. 

6. A picture signal processing system as claimed 
in claim 5, including means for forming said two- 
dimensional spatial high frequency picture signal 
component by combining horizontal and vertical 
spatial frequency components. 

7. A picture signal processing system as claimed 
in claim 5, wherein said noise component consists 
of a noise component which is detected during a 
vertical blanking interval and is maintained during 
a vertical scanning Interval of the interframe 
difference picture signal component of the picture 
signal. 

8. A picture signal processing system as claimed 
in any one of claims 1 to 7, wherein both of said 



spatio-temporal prefiltering means (2) and said 
spatio-temporal interpoiation filtering means {7b) 
consist of a combination of at least one horizontal 
spatial frequency lowpass filter (40), at least one 

5 vertical spatial frequency lowpass filter (39) and at 
least one temporal frequency lowpass filter (38). 
which lowpass filters have cutoff frequencies 
corresponding to coordinate points residing in the 
vicinity of said symmetrical line. 

70 9. A picture signal processing system as claimed 
in claim 8, wherein both of said spatio-temporal 
prefiltering means (2) and said spatio-temporal 
interpolation filtering means (7b) consist of a 
plurality of said combinations of said lowpass 

IS filters (38, 39, 40), which combinations are con- 
structed to have passing regions slightly different 
from one another. 

10. A picture signal processing system as 
claimed in any one of claims 1 to 9, wherein both of 

20 said time axis converting means (4) and said tirne 
axis reconverting means (7a) comprise a plurality 
of one-line memories (63-1 to 63-4) into which said 
picture signal is alternately written-in on a given 
time axis and from which said picture signal is 

25 alternately readout on a required time axis differ- 
ent from the given time axis. 

11. A picture signal processing system as 
claimed In any one of the preceding claims further 
comprising at the receiving end: 

30 a memory means (47, 48, 49) for previously 
providing an interpolating picture signal required 
for subsequent time axis reconversion to be 
applied onto the restored interiace scanning 
narrowband picture signal. 

35 

Patentanspruche 

1. Bildsignal-Verarbertungssystem, in welchem. 
ein zeilenweises Abtast-Breitbandbildsignal in ein 
40 Zeilensprung-Abtastschmalbandbildsignal umge- 
wandelt und in im wesentlichen des ursprOngli- 
chen Zustandes nach Obertragung durch eine 
Schmalbandubertragungsleitung in im wesent- 
lichen seinen ursprunglichen Zustand ruckgewan- 
45 delt wird, enthaltend an einem sendenden Ende: 
Bildsignalerzeugungsmittel (1) zum Erzeugen 
des zeilenweisen Abtast-Breitbandbildsignals, 

mehrdimensionale Raum-Zeit-Vorfiltermlttel (2) 
zum Filtern von parallel bezeichnenden Signal- 
so komponenten, die in dem Bildsignal durch fur 
Abtastungsumwandlung ben 6ti gteAbf rage verur- 
sacht warden, um ein gefiltertes Bildsignal abzu- 
geben, 

untergeordnete Abfragemittel (3) zum Abfragen 
55 des fiitrierten Bildsignals, so daS das zeilenweise 
Abtast-Breitbandbildsignal in ein Zeilensprung- 
Abtastbreitbandbildsignal umgewandelt wird, 

Zeitachsenumwandlungsmittel (4) zum Dehnen 
der Zeitachse des Zeilensprungabtast-Breitband- 
60 bildsignals, so daS das Zeilensprung-Abtastbreit- 
bandbildsignal in das Zeilensprung-Abtast- 
schmalbandbildsignal umgewandelt wird, und 

Modulierungsmittel (5) zum Modulieren eines 
TrSgersignals durch das Zeilensprung-Abtast- 
65 schmalbandsignal, und enthaltend an einem emp- 



29 



55 



EP 0 082 489 B1 



56 



fangenden Ende: 

Demodulierungsmittel (6) zum Demodulieren 
des modulierten Tragersignals, so daB das Zeilen- 
sprung-Abtastschmalbandbiidsigna! wiederher- 

gestellt wird, . . . „ 

ZeitachsenrOckwandlungsmittel (7a) zum Kom- 
primieren der Zeitachse des wiederhergestellten 
Zeilensprung-Abtastschmalbildsignals, so dal5 
das wiederhergestellte Zeiiensprung-Abtast- 
schmalbandbiidsignal in ein intermittierendes 
quasi Breitbandbildsignal umgewandelt wird, 

mehrdiomensionale Raum-Zeit-lnterpolations- 
filtermittel {7b) zum Filtern von parallel bezeich- 
nenden Signalkomponenten in dem Bildsignal, 
die durch fur Abtastumwandlung und fur Interpo- 
lation des intermittierenden quasi Breitbandbi Id- 
signals benotigte Wiederabfrage verwendet 
werden, so daft das zeilenweise Abtastbreitband- 
bildsignai im wesentlicben wiederhergestellt 
wird; und 

Anzeigemittel (8) zum Anzeigen des im wesent- 
lichen wiederhergestellten zeilenweisen Abtast- 
breitbandbildsignals, 

dadurch gekennzeichnet, daB beide der Raum- 
Zeit-Vorfiltermittel (2) und der Raum-Zeit-lnterpo- 
lationsfiltermittel (7b) einen DurchlaBbereich auf- 
weisen, der im wesentiichen auf einen niedrigen 
Frequenzbereich auf wenigstens einer Koordina- 
tenebene begrenzt ist, die entiang einer senl<rech- 
ten Raumfrequenzachse (fv) und einer Zeitfre- 
quenzachse (ft) von mehrdimensionalen Koordi- 
naten veriauft, die aus einer waagerechten Raum- 
frequenzachse (fh), einer senkrechten Raumfre- 
quenzachse (fv) und einer Zeitfrequenzachse (ft) 
bestehen, die zum Bestimmen des Bildsignals 
vorgesehen sind, wobei der Niederfrequenzbe- 
reich einen Nullpunkt (0) der mehrdiomensiona- 
len Koordinaten enthalt und von einem hoheren 
Frequenzbereich, in welchem die parallel bezeich- 
nenden Signalkomponenten erscheinen, durch 
eine symmetrische Linie getrennt ist, die jeweils 
die senkrechte Raumfrequenachse (fv) und die 
Zeitfrequenzachse (ft) uberkreuzt und den glei- 
chen Abstand von jeweils dem Nullpunkt (0) und 
einem imaginaren Nullpunkt (Os) aufwelst, der 
einerfur die Abf rage des Bildsignals verwendeten 
Abfragefrequenz entspricht; 

daS die Raum-Zeit-Vorfiitermittel (2) derart aus- 
gebildet sind, daS eine Obertragungsfunktion in 
einem vergleichsweise hoheren Frequenzbereich 
erfolgt, der groBer als die in einem vergleichs- 
weise niedrigeren Frequenzbereich ist, um eine in 
dem vergleichsweise hoheren Frequenzbereich 
existierende Signalkomponente zu erh6hen, und 
daB das Bildsignal-Verarbeitungssystem wei- 
terhin Mittel zum Feststellen von Bildbewegung 
des Bildsignals, das wenigstens von einer 
Zwischenrahmenunterschieds-Bildsignalkompo- 
nente des Bildsignals umgewandelt wird, und 
Mittel (97) zum adaptiven Kontrollieren des 
DurchlaBbereichs der Raum-Zeit-Vorfiltermittel 
(2) im Ansprechen auf das AusmaB der Jestge- 
stellten Bildbewegung enthalt, um eIn Aquiva- 
lenzverhaltnis des DurchlaSbereiches zwischen 
der Zeitfrequenzachse (ft) und der senkrechten 



Zeitfrequenzachse (fv) im Ansprechen auf eine 
Erhohung des AusmaSes der festgestellten Bild- 
bewegung im wesentiichen kontinuieriich zu 
erhohen. 

5 2. Bildsignal-Verarbeitungssystem nach 
Anspruch 1, dadurch gekennzeichnet, daB die 
Raum-Zeit-Vorfiltermittel (2) und die Raum-Zeit- 
Interpolationsfiltermittel (7b) jeweils aus einer 
Kombination von wenigstens einem senkrechten 

10 Raumfrequenz-TiefpaBfiiter (25; 30, 31) und 
wenigstens einem Zeitfrequenz-TiefpaBfilter (24; 
28, 29) bestehen, welche TiefpaBfilter Abschnei- 
defrequenzen aufweisen, die den entsprechenden 
Koordinatenpunkten entsprechen, die sich in der 

IS Nahe der symmetrischen Linie befinden. 

3. Bildsignal-Verarbeitungssystem nach. 
Anspruch 2, dadurch gekennzeichnet, daB der 
senkrechte Zeitfrequenz-TiefpaBfilter und der 
Zeitfrequenz-TiefpaBfilter Transversalfilter sind, 

20 die aus einer in Reihe geschalteten Vielzahl von 
Verzogerungselementen (34) gebildet sind, die 
jeweils aus einzeiligen Speichern und einrahmi- 
gen Speichern bestehen, die individuell gewichtet 
(35) sind, um eine gefilterte AusgangsgroBe (36) 

25 zu erzeugen. 

4. Bildsignal-Verarbeitungssystem nach einem 
der AnsprOche 1 bis 3, dadurch gekennzeichnet, 
daB die Mittel zum Feststellen (98, 99) wenigstens 
dieZwischenrahmenunterschieds-Bildsignalkom- 

30 ponenten und eine Korrelationskomponente 
zwischen der waagerechten und der senkrechten 
Raumfrequenzachsen feststellen und die Mittel 
(97) zum adaptiven Kontrollieren ein Kontrollsi- 
gnal erzeugen, das im Ansprechen auf das Aus- 

35 maB der festgestellten Bildbewegung zum Kon- 
trollieren des DurchlaBbereiches gebildet ist. 

5. Bildsignal-Verarbeitungssystem nach einem 
der AnsprOche 1 bis 4, weiter gekennzeichnet 
durch Mittel zum Feststellen von wenigstens 

40 einer zweidimensionalen Raum-Hochfrequenz- 
Bildsignalkomponente und einer Rauschkompo- 
nente des Bildsignals und Mittel zum Entfernen 
einer unerwQnschten Zwischen rahmenunter- 
schieds-Bildsignalkomponente, die in der 

45 Zwischenrahmenunterschieds-Bildsignalkompo- 
nente und der Rauschkomponente enthalten ist, 
im Ansprechen auf Schwellenwertpegel, die ent- 
sprechend dem Ansprechen auf diese festgestell- 
ten Komponenten eingestellt werden. 

so 6. Bildsignal-Verarbeitungssystem nach 
Anspruch 5, gekennzeichnet durch Mittel zum 
Bilden der zweidimensionalen Raum-Hochfre- 
quenzbildsignalkomponente durch Kombinieren 
von waagerechten und senkrechten Raumfre- 

55 quenzkomponenten. 

7. Bildsignal-Verarbeitungssystem nach 
Anspruch 5, dadurch gekennzeichnet, daB die 
Rauschkomponente aus einer Rauschkompo- 
nente besteht, die wahrend eines senkrechten 

60 Austastintervalls festgestellt wird und wahrend 
eines senkrechten Abtastintervalls der 
Zwischenrahmenunterschieds-Bildsignalkompo- 
nente des Bildsignals beibehalten wird. 

8. Bildsignal-Verarbeitungssystem nach einem 
65 der AnsprOche 1 bis 7, dadurch gekennzeichnet. 
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daS die Raum-Zeit-Vorfiltermittel {2) und die 
Raum-Zeit-Interpolationsfiltermittel (7b) jeweils 
aus einer Kombination aus wenigstens einem 
waagerechten Raumfrequenz-TlefpaSfilter (40), 
wenigstens einem senkrechten Raumfrequenz- 
Tiefpaiifilter (39) und wenigstens einenn Zeitfre- 
quenz-TiefpaSfilter (38) bestehen, welche Tief- 
patSfilter Abschneidefrequenzen aufweisen, die 
Koordinatenpunkten entspreclien, die sich in der 
Nahe der symmetrischen Linie befinden. 

9. Bildslgnal-Verarbeitungssystem nach 
Anspruch 8, dadurch gekennzeichnet, daB die 
Raum-Zeit-Vorfllternnittel (2) und die Raum-Zeit- 
Interpolationsfiitermittel (7b) jeweils aus einer 
Vielzahl von Kombinationen der TiefpaRfilter (38, 
39, 40) bestehen, welche Kombinationen ausge- 
bildet sind, urn DurchlaSbereiche geringfOgig 
unterschiedlich voneinander aufzuweisen. 

10. Bildslgnal-Verarbeitungssystem nach einem 
der Anspruche 1 bis 9, dadurch gekennzeichnet, 
daS die Zeitachsenumwandlungsmittel (4) und 
die Zeitachsenruckwandlungsmittel (7a) jeweils 
eine Vielzahl von einzeillgen Speichern (63-1 bis 
63-4) enthalten, in welche das Bildsignal abwech- 
selnd auf einer bestimmten Zeitachse einge- 
schrieben wird und aus welchen das Bildsignal 
abwechsetnd auf einer benotigten Zeitachse ver- 
schieden von der bestimmten Zeitachse ausgele- 
sen wird. 

11. Bildsignal-Verarbeitungssystem nach einem 
der vorhergehenden Anspruche, welter 
enthaltend an dem empfangenden Ende: 

Speichermitte! (47, 48, 49) zum vorherigen 
Abgeben eines interpolierenden, fur anschlie- 
Bende Zeitachsenruckwandlung benotigten Bild- 
signais, das an das wiederhergestellte Zeilen- 
sprung-Abtastschmalbandbildsignal angelegt 
wird. 

Revendications 

1. Syst6me de traitement de signal image, dans 
lequel un signal image h large bande h balayage 
s6quentiel est transform^ en un signal image h 
bande etroite k balayage entrelacd et ramen6 
sensiblement k son 6tat original aprSs transmis- 
sion k travers une ligne de transmission d bande 
Etroite, comprenant du cdte Emission: 

un moyen (1) de g6n6ration du signal image 
pour g6n6rer ledit signal image k large bande d 
balayage s§quentiel, 

un moyen de prefiltrage (2) spatio-temporel 
multidimensionnel pour filtrer les composantes 
de crenelage du signal form6 dans ledit signal 
image par I'^chantilionnage n6cessaire h la 
conversion du balayage afin d'obtenir un signal 
image fiitre, 

un moyen de sous-6chantillonnage (3) pour 
6chantlllonner ledit signal image filtr6, afin de 
convertir ledit signal image h large bande 6 
balayage s6quentiel en un signal image d large 
bande k balayage entrelacd, 

un moyen de conversion (4) de I'axe des temps 
pour dilater I'axe des temps dudit signal image k 
large bande k balayage entrelac6, afin de conver- 



tir ledit signal image k large bande k balayage 
entrelac6 en ledit signal image k bande Etroite a 
balayage entrelace, et 
un moyen modulateur (5) pour moduler une 
5 porteuse par ledit signal image a bande etroite k 
balayage entrelace; et comprenant du cote recep; 
tion: 

un moyen demodulateur (6) pour demoduler le 
signal de porteuse modulee, afin de r6tabllr ledit 

10 signal image k bande 6troite k balayage entrelace, 
un moyen (7a) de reconversion de I'axe des 
temps pour comprimer I'axe des temps dudIt 
signal image restaur^ k bande etroite k balayage 
entrelace, afin de convertir ledit signal image 

75 retabli k bande Etroite k balayage entrelac6 en un 
signal image intermittent ^ quasi large bande, 

un moyen de filtrage (7b) multidimensionnel 
d'interpolation spatio-temporel I e pour filtrer les 
composantes de crenelage du signal dans ledit 

20 signal image provoqu6es par le r66chantiilon- 
nage n6cessaire k la reconversion du balayage et 
pour interpoler ledit signal image intermittent a 
quasi large bande afin de r6tabiir sensiblement 
ledit signal image k large bande k balayage 

2$ s^quentiel, et 

un moyen de visualisation (8) pour visualiser le 
signal image k large bande k balayage s^quentiel 
sensiblement r6tabli, 
dans lequel k la fois ledit moyen de prefiltrage 

30 spatio-temporel (2) et ledit m*oyen de filtrage 
d'interpolation spatio-temporelle (7b) ont une 
region passante sensiblement Iimit6e k une 
region de frequences inferieures sur au moins un 
plan de coordonn^es s'6tendant le long de I'axe 

35 vertical des frequences spatiales (fv) et de I'axe de 
frequence temporeile (ft) de coordonn6es multidl- 
mensionneiles comportant un axe horizontal de 
frequence spatlale (fh), un axe vertical (fv) de 
frequence spatlale et un axe de frequence tempo- 

40 relle (ft) prevus pour d6finir ledit signal Image, 
cette region de frequences inferieures compre- 
nant I'orlgine (0) desdites coordonnees multidi- 
mensionnelles et etant separee d'une region de 
plus hautes frequences, dans laquelle lesdites 

45 composantes de crenelage du signal apparais- 
sent, par une ligne symetrique coupant k la fois 
I'axe vertical des frequences spatiales (fv) et I'axe 
des frequences temporelles (ft) et 6quidistante k 
la fois de ladite origlne (O) et d'une origine 

so imaginaire (Os) correspondent k une frequence 
d'echantillonnage employee pour rechantillon- 
nage dudit signal image, 

dans lequel ledit moyen (2) de prefiltrage spa- 
tio-temporel est construit pour avoir une fonction 

55 de transfert dans une region de frequences relati- 
vement eievees qui soit superieure k sa fonction 
de transfert dans une region de frequences relati- 
vement basses afin d'augmenter une composante 
du signal existent dans ladite region des fr6- 

60 quences relativement eievees, et 

dans lequel ledit systdme de traitement du 
signal image comprend encore un moyen pour 
detecter le mouvement d'image dudit signal 
image k convertir au moins k partir d'une compo- 
$5 sante de signal image de difference entre trame 
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dudit signal image et un moyen (97) pour 
commander de fagon adaptative ladite region 
de passage dudit moyen (2) de pr6fiitrage spa- 
tio-temporel en reponse h I'amplitude du mou- 
vement d'image detect^, afin d'augmenter de 
manifere sensiblement continue un rapport 
Equivalent de ladite region passante entre I'axe 
des frequences temporeiies (ft) et I'axe vertical 
des frequences spatiales (fv) en reponse d une 
augmentation de ladite amplitude du mouve- 
ment d'image detecte. 

2. Syst^me de traitement de signal image 
selon la revendication 1, dans lequel a la fois 
ledit moyen (2) de pr6fiitrage spatio-temporel 
et ledit moyen (7b) de fiitrage d'interpoiation 
spatio-temporelle sont constitues d'une combi- 
naison d'au moins un filtre passe bande de 
frequence spatiale verticale (25; 30, 31) et au 
moins un filtre passe-bas des frequences tem- 
poreiies (24; 28, 29) lesqueis filtres passe-bas 
ont des frequences de coupure correspondent 
aux points de coordonnees respectifs rdsidant 
au voisinage de ladite ligne sym^trique. 

3. Systeme de traitement de signal image 
selon la revendication 2, dans lequel ledit filtre 
passe-bas des frequences spatiales verticales 
et ledit filtre passe-bas des frequences tempo- 
relies sont des filtres transversaux formes par 
la connexion en serie d'une pluralite d'ele- 
ments retardateurs (34) constitues par des 
memoires a une ligne et des memoires a une 
trame, respectivement, qui sont individuelle- 
ment ponderes (35) pour former une sortie fil- 
tree(36). , . 

4. Systeme de traitement de signal image 
selon I'une quelconque des revendications 1 & 

3, dans lequel ledit moyen pour detecter (98, 
99) au moins ladite composante du signal 
image difference de trame et une composante 
correlative entre les axes horizontaux et trans- 
versaux des frequences spatiales et ledit 
moyen (97) pour commander de manidre 
adaptative delivre un signal de commande qui 
repond S ladite amplitude du mouvement 
d'image detecte pour commander ladite region 
de passage. . 

5. Systeme de traitement de signal image 
selon I'une quelconque des revendications 1 h 

4, comprenant encore des moyens pour detec- 
ter au moins une composante du signal inriage 
k frequence spatiale bidimensionnelle elevee et 
une composante de bruit du signal image et 
un moyen pour eiiminer une composante 
signal image parasite de difference entre 
trames contenu dans ladite composante du 
signal image difference de trame et dans ladite 
composante de bruit en reponse a des niveaux 
de seuil qui sont respectivement fixes en 
reponse S ces composantes d6tectees. 



6. Systeme de traitement de signal image 
selon la revendication 5, comprenant un 
moyen pour former ladite composante du 
signal image haute frequence spatial bidimen- 

5 sionnel en associant des composantes de fre- 
quence spatiale horizontale et verticale. 

7. Systeme de traitement de signal image 
selon la revendication 5, dans lequel ladite 
composante de bruit se compose d'une com- 

w posante de bruit qui est detectee pendant un 
intervalie d'effacement vertical et se trouve 
maintenue pendant un intervalie de balayage 
vertical de la composante du signal image dif- 
ference de trame du signal image. 

15 8. Systeme de traitement de signal image 
selon I'une quelconque des revendications 1 a 
7 dans lequel aussi bien ledit moyen de prefil- 
trage spatio-temporel (2) que ledit moyen de 
fiitrage d'interpoiation spatio-temporelle (7b) 

20 sont constitues d'une combinaison d'au moins 
un filtre passe-bas (40) des frequences spa- 
tiales horizontales, au moins un filtre passe- 
bas (39) des frequences spatiales verticales et 
au moins un filtre passe-bas (38) des fre- 

25 quences temporeiies, ces filtres passe-bas 
ayant des frequences de coupure correspon- 
dant aux points de coordonnees residant au 
voisinage de ladite ligne symetrique. 

9. Systeme de traitement de signal image 
30 selon la revendication 8, dans lequel aussi 

bien ledit moyen de prefiltrage spatio-temporel 
(2) que ledit moyen de fiitrage d'interpoiation 
spatio-temporelle (7b) se composent d'une plu- 
ralite desdites combinaisons desdits filtres 
35 passe-bas (38, 39, 40), lesquelles combinaisons 
sont construites pour avoir des regions de 
passage legerement differentes I'une de I'autre. 

10. Systeme de traitement de signal image 
selon I'une quelconque des revendications 1 h 

40 9, dans lequel aussi bien ledit moyen de 
conversion d'axe des temps (4) que ledit 
moyen de reconversion de I'axe des temps 
(7a) comportent une pluralite de memoires h 
une ligne (63-1 e 63-4) dans lequelles ledit 

45 signal image est alternatlvement enregistre sur 
un axe des temps donnes et d partir desquels 
ledit signal image est lu en alternance sur un 
axe des temps voulu different de I'axe des 
temps indique. 

50 11. Systeme de traitement de signal image 
selon rune quelconque des revendications pr6- 
cedentes comprenant encore du c6te recep- 
tion: ^ 

un moyen de memoire (47, 48, 49) pour deii- 

65 vrer h I'avance un signal image d'interpoiation 
necessaire d la reconversion ulterieure de I'axe 
des temps pour Stre applique sur le signal 
image reconstitu6 d bande etroite k balayage 
entrelace. 

60 
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